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The Luminance-Difference Threshold 


in Viewing Projected Pictures 


The luminance-difference threshold has been determined as a function of lumi- 
nance for viewing conditions similar to those recommended by the ASA for the 
projection of professional motion pictures. A stimulus subtending an angle of 0.5° 
was superimposed briefly upon various areas within typical photographic repro- 
ductions. The effective presentation time for each stimulus was about 1 second, 
which is near the maximum fixation time commonly occurring in the viewing of 
scenes and pictures. The mean luminance-difference threshold for relatively 
bright areas within the test scenes was found to be equivalent to a density differ- 
ence of 0.015. The results indicate the nature of the dependence of the luminance- 
difference threshold upon the luminance of the test area and upon the luminance 


of surrounding areas. 


PRESENTATION of a_ black-and- 
white photographic reproduction is basi- 
cally a presentation of a pattern of varia- 
tions in luminance. An observer may per- 
ceive these variations as brightness dif- 
ferences that serve to suggest the original 
scene with its analogous pattern of bright- 
ness variations. The subjective quality 
of the reproduction depends not only 
upon the physical characteristics of the 
photographic reproduction but also upon 
the conditions under which it is viewed. 

The human visual mechanism is ca- 
pable of adapting to a wide range of 
illuminance levels. Consequently, the 
appearance of a black-and-white photo- 
graph may change only slightly with a 
considerable change in the viewing con- 
ditions. However, these changes are 
significant, especially at the relatively 
low levels of illuminance used in the pro- 
jection of motion pictures. As a result, 
a photographic reproduction which has 
optimum characteristics for one viewing 
situation (i.e., a particular screen lumi- 
nance, surround luminance, angular sub- 
tense of the picture, etc.) may be con- 
siderably different from the optimum 
reproduction for another viewing situa- 
tion. The highest quality attainable in 
photographic reproductions will also 
vary from one viewing situation to an- 
other. Thus, the problem of specifying 
optimum viewing conditions and print 
Communication No. 2040 from the Kodak 
Research Laboratories, presented on October 5, 
1959, at the Society’s Convention in New York, 
by E. J. Breneman, Kodak Research Labora- 


tories, Eastman Kodak Co., Rochester 4, N.Y. 
(This paper was received on July 24, 1959.) 


characteristics involves, basically, a study 
of the relationships between patterns of 
luminance variations comprising the 
picture and its surround, and the ob- 
server’s impression of these patterns. 

By determining the nature of the 
observer's perception of differences in 
luminance as a function of luminance 
of scene elements, and the changes which 
occur in this relationship with variations 
in viewing conditions, it should be pos- 
sible to predict changes in print char- 
acteristics required to maintain the same 
subjective quality with different viewing 
conditions. The results of such an in- 
vestigation should also indicate how the 
limitations of the photographic system 
and the human visual mechanism com- 
bine to limit the quality attainable for 
different viewing conditions. Thus, the 
results may serve as a basis for specifying 
optimum viewing conditions. 

The work described in this paper is the 
initial phase of such an investigation. 
It serves to indicate the nature of the 
dependence of luminance-difference 
thresholds upon the luminances of the 
small areas within the scene and their 
surrounds, for one viewing situation. 
In addition, it establishes and describes 
the technique to be used in an extension 
of the investigation to a variety of other 
viewing situations. 


Method and Apparatus 


Luminance discrimination is so criti- 
cally dependent upon a number of 
factors that valid information can be 
obtained only if the photograph-viewing 
situation is carefully duplicated in the 
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experiments. Various areas within pho- 
tographic reproductions should be used 
as test areas instead of using idealized 
test patterns or uniform fields. The angle 
which the reproduction subtends at the 
observer's eyes and the luminances of 
surrounding areas must be controlled 
carefully. Finally, there are temporal 
factors which must be considered. The 
luminance discrimination associated with 
any part of the visual field depends not 
only on the pattern of illuminance on 
the retina but also upen changes which 
have occurred in this pattern within the 
seconds or minutes prior to the instant 
in question. The experiments of Buswell! 
and Brandt* have shown that a person 
seldom looks at any point for more than 
1 second at a time. The average fixation 
time is less than half a second. If lumi- 
nance discrimination is determined for 
longer periods of fixation, there will be 
greater local adaptation and the results 
wil! not be applicable to the photograph- 
viewing situation. Of the published works 
on luminance discrimination known to 
the author, none involves a careful dupli- 
cation of photograph-viewing conditions. 
However, a few of these works*~’ give 
some consideration to the viewing of 
photographs. 

In investigations of this type, great 
care must be taken to ensure that the 
experimental technique does not modify 
the psychophysical relationship being 
studied. It is also important that the 
experiment be so designed that the 
variance of the relationship between the 
observer’s perception and response be 
small. Instructions may not be easily 
understood by the observer or the task 
he is called upon to perform may be diffi- 
cult or may be unduly influenced by his 
mental attitude. If an observer is pre- 
sented a test stimulus which is near the 
visibility threshold, he may be uncertain 
whether or not he has seen it. Blackwell* 
has found that this uncertainty exists 
unless the probability of a response cor- 
rectly indicating the position of the 
stimulus is above 0.90. Consequently, 
an observer’s response will depend on 
how conservative his mental attitude is 
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Fig. 1. Stimulus and positioning lines. 
The width of the arrow subtended an 


angle of 0.5° at the observer’s eyes. The 
orientation of the arrow was either up, 
down, right or left. The luminance of the 
arrow was modulated independently of that 
of the positioning lines. 


and this may vary from day to day. 
Such a factor tends to lower the preci- 
sion of the experiment. 

A better approach is to have the ob- 
server perform some task, the success of 
which is dependent upon the visibility 
of the stimulus. This type of approach 
nearly eliminates the effect of mental 
attitude and correspondingly increases 
the precision of the experiment.’ There 
are several possibilities in establishing 
such a task for the observer. Either the 
position, orientation, shape, or duration 
of the stimulus might be varied, the 
observer being asked to indicate which of 
several specified variations each stimulus 
represents. Only variation of the orien- 
tation of the stimulus was feasible and 
desirable in this experiment. 

The nature of the stimuli used in this 
experiment is shown in Fig. 1. The width 
of the arrow subtended an angle of 0.5° 
at the observer's eyes. For each stimulus, 
the arrow was oriented so that it pointed 
either up, down, right or left. The four 
white lines surrounding the arrow were 
used to indicate the position of the 
stimulus within the scene. 

The first observations were made with 
projected black-and-white transparencies 
under conditions similar to those con- 
sidered optimum for viewing motion 
pictures. The screen luminance with no 
transparency in the projector was 10.3 
ft-L. This is within the range, 9-14 ft-L, 
specified by the American Standard for 
professional motion-picture projection. 
Screen luminances of this magnitude are 
sometimes encountered also in the pro- 
jection of amateur 2 by 2-in. slides. A 
small auditorium was used. No more 
than eight observers were used simul- 
taneously in order that they might all 
be seated at a specified distance, 33 ft, 
from the screen. At this distance, the 
pictures subtended an angle of 19.3° 
horizontally and 13.0° vertically. The 
usual black border, the width of which 
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subtended an angle of about 6°, was 
used. The ambient illumination in the 
auditorium was at a level too low to 
measure. The only significant illumina- 
tion of the light-colored walls and ceiling 
of the auditorium was that reflected from 
the screen. The maximum luminance in 
the surround during the projection of the 
scene of highest mean luminance was 
0.08 ft-L. This was at a point on the wall 
28° from the edge of the picture. 

The test stimuli were presented at 
various points within each scene by using 
a second projector. Thus, the stimulus 
and positioning lines consisted of incre- 
ments in luminance within the scene. 
The ratio of the screen luminance for the 
scene projector to that for the stimulus 
projector was maintained at exactly 
10:1. Consequently, the positioning lines 
consisted of a luminance increment of 
little more than one-tenth the luminance 
of the brightest point within the scene. 
The luminance increment comprising 
the stimulus itself (the arrow) was modu- 
lated independently of the luminance of 
the positioning lines. For each test area 
within the scene, four stimuli of different 
luminance increments were presented. 
The order of presentation of the stimuli 
for all test areas of the scene was ran- 
domized so that the observer never knew 
where the next stimulus would appear. 

Each stimulus was presented for 
exactly 2 seconds. About half of this time 
was required for the observer to notice the 
presence and location of the positioning 
lines and direct his attention to the indi- 
cated location of the stimulus. Thus, he 
had about 1 second to look at the stimulus 
itself which, as noted previously, is about 
the maximum fixation time in the nor- 
mal viewing of pictures. Presentation of 
the stimuli for less than 2 seconds was 
tried with a resultant feeling of tension 
and frustration by the observers. Longer 
presentation times would have resulted 
in abnormally long fixation. 

Before beginning the observations, ob- 
servers spent about 10 minutes in the 
auditorium at a low level of illuminance 
(indirect lighting with 0.58 ft-c on a 
horizontal plane) while instructions were 
given. The stimuli were withheld for at 
least 30 seconds after the beginning of the 
projection of each scene. Then, all the 
stimuli for that particular scene were 
presented with approximately 10-second 
intervals between stimuli. During these 
intervals, the observer was free to look 
at the scene in a normal manner. Each 
judge recorded his response on a data 
sheet after the presentation of each stimu- 
lus. However, he was instructed to record 
his response without looking down at his 
paper since it was important that he 
maintain normal adaptation by con- 
tinuing to look at the projected picture. 

Using the successful performance of a 
visual task as a criterion of stimulus 
visibility is straightforward only if visi- 
bility is sufficient for the performance of 
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the task. In this experiment, it was not. 
The increment in luminance, AL,, neces- 
sary for recognition of the orientation of 
the stimulus is higher than the luminance 
increment, AL,, necessary for detecting 
the presence of the stimulus. Hence, the 
approach mentioned is valid only if a 
simple relationship between these two 
threshold increments can be established. 
This was investigated in the judgments of 
the first three scenes. The observers 
were instructed to give one of six re- 
sponses for each stimulus. If the stimulus 
was visible, they were to indicate the 
direction (up, down, right or left) in 
which they believed it pointed. The 
instructions stressed the importance of 
guessing when the orientation of the 
stimulus was not apparent but when the 
presence of the stimulus was detected. A 
fifth response, “X,’’ indicated that the 
stimulus was not visible. The sixth re- 
sponse, “O,” was used to indicate that 
the observer failed to see the stimulus 
location as indicated by the four posi- 
tioning lines. 

Thirty-five observers were used with 
the first group of three scenes and 36 
with the second group of three scenes. 
Very few “O” responses were given. 
Consequently, for most stimuli there 
were 35 or 36 usable responses. With the 
first three scenes, directional responses 
indicated that the stimulus was visible 
while “‘X”’ responses indicated that it 
was not. For each stimulus, the normal 
deviate, z, corresponding to the propor- 
tion of directional responses among the 
total number of responses (“O” re- 
sponses excluded) was determined. This 
value was plotted as the ordinate on a 
graph with the increment in log lumi- 
nance, A log L, as the abscissa. There 
were four such points for each test area, 
representing the four stimuli presented 
in that area. A straight line, representing 
a cumulative normal distribution, was 
drawn in such a way as to minimize the 
deviation of these points from the line. 
In doing this, the points nearest the 
value z = 0, were considered the most 
reliable. The straight line thus indicated 
the values of A log L at which z = 0 and 
z = +1 or the mean and standard de- 
viation of the distribution. The point at 
which z = 0 represents 50% visibility 
of the stimulus and is denoted as (A log 
L),, the visibility threshold. 

Similarly, the recognition threshold, 
(A log L),, at which the direction of the 
arrow was apparent to 50% of the ob- 
servers, was determined. However, it 
was necessary to correct the proportion of 
correct directional responses to account 
for the 25% chance of guessing correctly. 
This was done by using the formula, 
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where P, = proportion of observations 
in which the orientation of the stimulus 
was seen; C = number of responses 
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Fig. 3. Estimated 
visibility thresholds 
as a function of the 
log luminance of the 
test area. The solid 


To 
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Fig. 2. A comparison of directly determined visibility 
thresholds, A, and visibility thresholds estimated by 
transforming the recognition thresholds, O. 


which correctly indicated the orientation 
of the stimulus; 7 = number of incorrect 
directional responses; and N = total 
number of responses, including those 
which indicated that the stimulus was 
not visible. These data, thus corrected, 
were used to determine the thresholds 
and standard deviations for recognition 
of the orientation of the stimuli. 

A comparison of the recognition and 
visibility thresholds for the first three 
scenes indicates that the two are pro- 
portional over the range of luminances 
occurring in these scenes. The mean 
value of the ratio of (A log L), to (A log 
L), was 0.596. Therefore, values of 
(A log L), were multiplied by 0.596 to 
obtain an estimated visibility threshold 
(A log L)’,. This value of the ratio can be 
considered as only approximate but it 
is of minor importance. Only the relative 
changes of the threshold which occur as a 
function of luminance and surround are 
of much significance. The transformed 
thresholds are plotted in Fig. 2 (circles) 
as a function of the log luminance (log L,) 
of the test area. The triangles represent 
the directly determined visibility thresh- 
olds. These results provide no significant 
evidence that the ratio of the two thresh- 
olds varies as a function of the luminance 
of the test area. 

A comparison of the visibility and 
recognition data showed that, on the 
average, the data for recognition of the 
orientation of the four stimuli for a given 
test area were more consistent than those 
for the visibility of the stimuli. In addi- 
tion, the results shown in Fig. 2 indicate 
that the variability of the directly deter- 
mined visibility thresholds is slightly 
greater than the variability of the trans- 
formed recognition thresholds. These 
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curve represents the 
estimated mean thres- 
hold value. The 


Log Ly (Ly in ft-L.) 


dashed curves indicate the estimated variability due to the influence of 


surrounding areas. 


The dotted curve indicates 2.5 times the threshold 
found by Blackwell for a stimulus of 0.5° angular subtense and lumi- 


nance, AL, superimposed on a uniform field of luminance, L. 


comparisons support the assumption that 
precision is increased by using the suc- 
cessful performance of a visual task as a 
criterion of stimulus visibility. 

Therefore, the ““X” response (stimulus 
not visible) was eliminated in the obser- 
vations of the second set of three scenes. 
Thus, except in cases in which the ob- 
server could not find the position indi- 
cated by the four positioning lines (“‘O” 
response), he was forced to indicate the 
orientation of the stimulus whether it 
was visible or not. The data were re- 
duced by the same method used for 
determining the recognition threshold for 
the first three scenes. 


Results 


The transformed recognition thresh- 
olds for all six scenes are plotted in Fig. 3 
as a function of the log luminance of the 
areas in which the stimuli were presented. 
The values of A log Z at which z = +1.0 
in the cumulative normal distributions 
fitted to the data for each test area, were 
found to be approximately proportional 
to the values of the thresholds and may 
be expressed as (1 + 0.46) (A log L)’,. 
Thus, at the point 0.54 (A log L)’,, the 
stimulus would be visible to approxi- 
mately 16% of the observers. At the 
point 1.46 (A log L)’,, it would be visible 
to about 84% of the observers. 

The solid curve in Fig. 3 represents the 
expected mean visibility threshold as a 
function of the luminance of the test area. 
Most of the variability of the thresholds 
about this line is assumed to be due to 
the influence of areas surrounding the 
test area. Most of the cases in which the 
threshold is considerably higher than 
the average for that luminance level are 
cases in which there is a bright area near 


the test area. Conversely, a relatively 
low threshold is obtained if the test area 
is large and uniform. The two dashed 
curves in Fig. 3 represent the range of 
recognition thresholds likely to be en- 
countered in a group of scenes which 
have the variety of characteristics found 
in the six scenes used in this investigation. 
These scenes are shown in Fig. 4, with 
the test areas indicated by the numbered 
spots. This code is used in identifying the 
corresponding thresholds in Fig. 3. 

The results indicate that at relatively 
high luminances, a log luminance incre- 
ment of about 0.015 was required for 
50% visibility of the test stimulus. This 
threshold increment varies only slightly 
over a log luminance range which ex- 
tends to about 1.0 less than the highest 
luminances in the scenes, but it becomes 
much larger at lower luminances. The 
ordinates in Fig. 3 may also be considered 
as the density decrements required for 
50% stimulus visibility.* 

As might be expected, these results 
differ somewhat from those of other ex- 
periments on luminance discrimination, 
in which simple fields were used. The 
nature of their differences is consistent 
with our present knowledge of the effect 
of various factors on adaptation and 
luminance discrimination. The dotted 
curve in Fig. 3 indicates 2.5 times the 
threshold from Blackwell’s* results for a 
stimulus of 30’ angular subtense and 
luminance, LZ, presented in a uniform 
field of luminance, L. The considerably 
greater magnitude of the thresholds 
found in the present work may be attrib- 
uted to the shorter duration of the 
stimulus and to the complexity of the 


* Effective density in the final reproduction. 
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Fig. 4. Scenes used in the determination of luminance-difference thresholds. Test 
areas are shown by the numbered circles. These numbers are used as subscripts of the 


scene letters to indicate the corresponding thresholds in Figs. 2 and 3. 


surround. The influence of the surround 
and of continually varying local adapta- 
tion is greatest for test areas of low lumi- 
nance. As may be seen in Fig. 3, the 
thresholds found in the present work vary 
with ZL, in a manner similar to that found 
by Blackwell, except for relatively low 
values of L,. At these low levels, the 
threshold in the present experiment is 
raised by the presence of bright areas 
in the surround. 

The effect of surround luminance on 
luminance discrimination has been in- 
vestigated by Lowry" and Abribat.’ The 
results of such experiments are so de- 
pendent upon the size of the test field 
and the way in which it is viewed that a 
comparison with the results of the present 
work is difficult. However, a qualitative 
comparison indicates that the relatively 
high thresholds obtained for picture 
areas of relatively low luminance are of 
about the same magnitude as those which 
would be obtained with a uniform sur- 
round having a luminance which is 
within the luminance range of the re- 
production being viewed. This is not to 
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say that the solid curve shown in Fig. 3 
could be duplicated by using an idealized 
test field with a uniform surround of a 
particular luminance. It does not seem 
feasible to approximate the complex 
field and manner of viewing in this ex- 
periment with any idealized viewing 
situation. However, a comparison of 
results indicates that the results for the 
picture-viewing situation do not appear 
to be inconsistent with those in which 
simpler fields were used. 

The results of this and similar experi- 
ments are strictly valid only in situations 
in which the viewing conditions and 
stimuli are identical with those of the 
experiment. However, the author be- 
lieves that, with caution, the relative 
changes in (A log Z),, which occur as a 
function of log L, may be extended to 
much of the “detail” which occurs in 
photographic reproductions viewed 
under similar conditions. 


Conclusion 


In this experiment, an attempt has 
been made to establish a fundamental 
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relationship between the objective and 
subjective aspects of photographic tone 
reproduction for a viewing situation 
which is commonly encountered. The 
mean luminance-difference threshold for 
relatively bright areas within the test 
scenes was found to be equivalent to a 
difference in density of 0.015. The results 
indicate how this difference threshold in- 
creases at lower relative brightnesses and 
with relatively high luminances in the 
surround. An extension of this work to 
other screen luminances and other 
viewing situations will indicate how this 
basic relationship changes, and will, in 
turn, suggest how the characteristics of 
the objective reproduction must vary 
in going from one viewing situation to 
another if the subjective effect is to 
remain substantially unchanged. The 
results of an extension of the present 
work will also indicate how the quality 
attainable in the reproduction varies 
with changes in viewing conditions, and 
thus will provide useful information for 
specifying optimum viewing conditions. 
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6. 


Discussion 

Lawrence W. Davee (Century Projector Corp.) : The 
paper presented here is interesting but I would 
like to suggest that the work be continued much 
further and related to actual presentation in the 
theater. Because it strikes the keynote of work 
which should be done in our motion-picture 
indusiry to improve our projection, I was hoping 
the paper was going on to draw some definite 
conclusions as regards theater operation. May I 
suggest that the work continue. 

Mr. Breneman: The purpose of the paper was 
to present the reasoning behind this approach to 
the problem of improving the quality of projected 
pictures, and to describe the experimental pro- 
cedure for this and succeeding phases of this work. 
The experiment must be repeated for a variety of 
viewing conditions if we are to learn how the 
viewing conditions affect our perception of 
projected pictures. 
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Methods of Appraising Photographic Systems 


Part II—Manipulation and Significance of the 


Sine-Wave Response F unction 


The concept of sine-wave response is explained, and it is shown how this charac- 
teristic describes the behavior of an optical or photographic system whereas a 
single parameter such as resolving power or passband frequency may be in- 
adequate. The simple experimental methods of determining sine-wave response 
are described, and an extensive list is given of the various methods that have 
appeared in the literature. The usefulness of the sine-wave response is exemplified 
by showing how spurious resolution may arise and how successive steps in a com- 
plete photographic system can be cascaded to give the overall response of the 
system. The method of computing sine-wave response from the spread function 


is described in detail. 
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I. WAS SHOWN in Part I that the ancient 
and honorable concept of resolving power 
has been found to be inadequate as a 
criterion of the quality of an optical or 
photographic system and that at times 
it may even be misleading. Since any 
scene can be regarded as an assemblage 
of points of different luminous intensity, 
the fundamental building block of the 
image of any scene is the image of an 
infinitely small point in the scene. The 
distribution of illuminance within this 
image is known as the point spread- 
function. For the reasons set forth in Part 
I, it is more common to study the image 
of an infinitely narrow line — the line 
spread-function — and the behavior of a 
complete optical or photographic system 
can be predicted by combining or con- 
voluting the spread function of its in- 
dividual elements. Nevertheless, the 
numerical computations are many and 
tedious and are practical only with high- 
speed computers. A simpler method, 
which gives all the information required 
whenever only emulsions are involved 
and often enough information when 
lenses are involved, can be developed on 
the basis of Eq. (12). 


Presented on October 5, 1:'59. in an abbreviated 
form, at the Society’s Convention in New York, 
by Fred H. Perrin, Res:arch Laboratories, 
Eastman Kodak Co., Rochesier 4, N.Y. 

(This paper was received on October 12, 1959. 
Part I was published in Jour. SMPTE, 69: 
151-156, Mar. 1960. For convenience of refer- 
ence, sections, figures and references in Part II 
are numbered consecutively with those in Part 
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7. The Sine-Wave Response 


It was shown in Section 6 (Part I) 
that if the luminance of the test object 
varies with distance x according to the 
law 

G(x) 


then the illuminance in the image varies 
according to the law 


= by + 5, cos 


F(x) = bo + A*(v)|cos (2rvx — 9). 

(12°) 
The righthand side is the Fourier trans- 
form of G(x). If the subject were being 
treated by the theory of functions of a 
complex variable, |A*| would be called 
the modulus and ¢, which can be inter- 
preted as the phase difference between 
object and image, would be called the 
argument, and these terms will be some- 
times used here for convenience. 


* Primed equation numbers are repetitions, 


By FRED H. PERRIN 


A comparison of Eqs. (7) and (12) 
shows, as was pointed out previously, 
that a system reproduces a sinusoidal 
object as a sinusoidal image but with a 
modulation only |Af(v)| times as great 
as the modulation in the object. This 
factor of degradation or modulus of the 
transform has been given many names 
in optical and photographic technology, 
such as “optical transmission factor,” 
‘“‘contrast-transmission function,’ ‘“‘re- 
sponse function,” and “‘line-frequency 
response.” It will be called  sine-wave 
response in this paper, and, for simplicity, 
it will be symbolized simply by A here- 
after except when a more exact designa- 
tion is required. 

It is well known that, if the spatial 
frequency is too great (that is, if the lines 
are too close together), the lines will not 
be resolved and the response A is there- 
fore zero. The plot of A against spatial 
frequency y therefore has somewhat the 
shape indicated by curves A and B of 
Fig. 12, falling to zero at some limiting 
frequency. 

Except for one limitation, which does 
not apply when only emulsions are in- 
volved and which will be discussed in 
more detail later, this plot is the most 
useful and informative characteristic of an 
optical or photographic system. It is ex- 
actly analogous to the acoustic response 
of a sound-reproducing system. It can also 
be regarded as the filter curve of the 
system, indicating the attenuation of each 
of an infinite series of frequencies passing 
through the system. Like other filter and 
response curves, the individual curves 
representing the steps of a cascaded 
process can be simply multiplied to- 
gether to give the response of the entire 
system (with the restriction to be dis- 
cussed in Section 12). The result gives 
almost as much information about the 
performance of the system as the tedious 
convolution of the various steps de- 


Fig. 12. Sine-wave’ re- 
sponse curves, showing 
reasons for deficiency of a 
single quantity as an in- 
dex. The area under curves 
A, B, and C is the same, but 
the values of response at 
most frequencies are very 
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different. Response for “true 
contrast reproduction” is in- 
dicated by 8. 
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Fig. 13. Sketch of apparatus for obtaining 
the sine-wave response of a lens L. 70, 
sinusoidal test object; SS, scanning slit; 
P, phototube; R, recorder. 


scribed in the preceding section, and 
usually in a more understandable form. 

But the sine-wave response, informa- 
tive and convenient though it is, is still 
more clumsy than a single number, and 
many attempts have been made to indi- 
cate the performance of optical and pho- 
tographic systems by a single quantity. 
As was described at length, resolving 
power has been used for such a quantity. 
In Fig. 12, it represents some spatial 
frequency, v4 for curve A and vg, for 
curve B, beyond which the system fails 
to respond. This point is not likely to 
represent zero response but instead the 
response at some point near zero corre- 
sponding to the threshold of the detecting 
element. The reason why resolving power 
does not indicate the ability of the system 
to reproduce gross detail sharply can now 
be seen. Curve A shows a considerably 
lower resolving power than curve B, 
but at such a frequency as y¢ it evidently 
represents a better response than does 
curve B. 

Another suggestion™™ that has been 
made is to appraise the system on the 
basis of the frequency vg that would 
represent the cutoff of a curve C having 
the same area as the curve being specified 
(taken here as curve A) but having a uni- 
form response that is equal to the response 
a of the system at zero frequency.f Such a 
method of appraisal theoretically possesses 
the same fault of inadequacy as resolving 
power; curve B has the same area as 
curves A and C and hence the same value 
of vp, but, as just pointed out, its response 
for frequencies that are much above 
ve is lower. It is true that this method 
often works very well, but that is be- 
cause the response curves are often 
similar in type. Spread functions fre- 
quently approximate the normal (Gaus- 
sian) distribution function," and this is 
especially true of the overall response 
function of a cascaded series of processes. 
Thus the corresponding response curves 
also approximate normal distribution 
functions with their mean values at zero 
frequency. 

An interesting proposal® has been 
made to use as a criterion the spatial 


t To speak strictly, the proposal is to square each 
ordinate of the response curve first to give a 
curve that in the electrical analogue would 
represent power, but the criticism made here 
would still apply. 
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frequency vg for which the response drops 
to its limiting value 6 for “true contrast 
reproduction.” This criterion is more 
realistic than the resolving-power cri- 
terion, but it introduces the difficulty of 
determining a generally acceptable limit 
of “true contrast reproduction” and it 
gives no indication of the course of the 
response curve. If the limit is taken as 
shown in Fig. 12, it is the same for both 
curves A and B, which differ widely in 
their characteristics, as noticed pre- 
viously. In short, although a single 
parameter may often be useful for com- 
paring photographic systems, it may fail 
or even be misleading in some situations 
where failure may not be anticipated.* 
In mathematical terms, the response 
function is not one-parametric. 


8. Determination of Sine-Wave Response 

The general procedure for determining 
the response of emulsions is somewhat 
different from that used for lenses, and, 
since a lens is usually involved in studying 
emulsions, the methods of studying lenses 
will be discussed first. 

The direct experimental method of 
determining sine-wave response is evi- 
dently to image a sinusoidal test object 
and scan the resulting sinusoidal image 
with a microphotometer. The mean value 
by and the amplitude 6,|A*| in Eq. 
(12) can be measured on the trace. 
The sine-wave response is then the ratio 
of the modulation of the image to that 
of the object, which is 

_ bi|A*| bo _ vu 
M by b, 
It is customary to normalize the response 
curve by taking the value | A*(0)! for 
y = O as unity, and this value can 
be extrapolated from the micropho- 
tometer data. 

An apparatus for carrying out this 
procedure is sketched in Fig. 13. Here 
TO is a sinusoidal test object, L is the 
lens under test, SS is a scanning slit, and 
P is a phototube associated with a 
recorder R.t Since the slit integrates the 
light in its lengthwise direction, a test 
object of the variable-area type can be 
used. The recorder trace represents 
F(x) in Fig. 10, and the amplitude of it 
can be read directly. By using a gradu- 
ated series of test objects, the response 
curve can be plotted exactly as described 
in Section 6. It is obvious that, by using 
the same equipment but with a narrow 
slit substituted for the sinusoidal test 
object, the recorder will trace out the 
spread function of the lens. 


t To correspond strictly with the concept of 
spread function as discussed previously, the slit 
should be illuminated and its image the 
spread function of the lens — should be formed 
on the test object, but there is no optical dis- 
tinction between object and image when no 
light is lost in the imaging process. It is often 
convenient to use the arrangement shown, and 
this interchangeability of object and image will 
be taken for granted hereafter. 
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This simple arrangement will not give 
the phase angle ¢. Although it is theoret- 
ically possible to determine phase by 
placing a landmark on the test object, and 
in some of the variants of this arrange- 
ment to be described shortly this pro- 
cedure is practical,™ a better method has 
been devised.” Equation (12) can also be 
written 


F(x) = bp + 6,A® cos 
+ 6, A® sin 2xvx. (15) 


Here | A*| and ¢ have been replaced by 
Ate and A**, which are discussed at 
greater length in the Appendix. These 
two new quantities are the cosine and the 
sine Fourier transforms, respectively, of A(é). 
They can be regarded as vectors, and 
since they contain only cosine and sine 
terms, respectively, they are mutually 
perpendicular and are thus related to the 
sine-wave response function by the 
equation 


= 4 (16) 


Because of the perpendicular relation, the 
phase angle ¢ is geometrically repre- 
sented by the angle between A** and 
| Af| so that 


Af = |A#| cos ¢. (17) 


Now imagine that, in Fig. 13, two test 
objects in the same plane are imaged on 
the slit, one above the other, each cover- 
ing half of the slit, and that they are 
simultaneously moved in opposite direc- 
tions.” The effect is to add one function 
F(x) to the same function F(—x) with a 
negative sign on the variable, and when 
Eq. (15) is written first for F(x) and then 
for F(—x) and the two expressions are 
added, the sine terms cancel out and the 
result is 
F(x) + F(—2) 

= + cos 2mvx. (18) 
The response under these conditions is 
Ate, and this determination, combined 
with the determination of |A*| made 
with the single test object, enables the 
angle ¢ to be computed from Eq. (17). 

An example of the results obtained by 
this procedure is shown in Fig. 14. The 
four graphs show, in order, the response 
or modulus | Af], the two components 
Afe and Af, the phase angle or argument 
@, and the spread function A(£). It is 
the highly asymmetrical and irregular 
character of this spread function that 
produces the large and rapidly changing 
values of ¢. 

The method of obtaining sine-wave 
response outlined at the beginning of this 
section gives excellent results but it is 
obviously very slow, and a more common 
method is to move the test object so 
rapidly that the sinusoidal image-traces, 
or even the response function itself, can 
be presented on an oscilloscope. Over 
ten years ago, a method of presenting 
the spread function on an oscilloscope 
was described. An illuminated slit was 
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mounted on the armature of a loud- 
speaker and was imaged on a fixed slit 
by the lens under test. The speaker coil 
and the horizontally deflecting plates of 
the oscilloscope were fed by an alternat- 
ing source while the vertically deflecting 
plates were fed by the phototube behind 
the scanning slit. 

During the past five years, many 
methods of determining sine-wave re- 
sponse have been described. The most 
obvious procedure when speed is essential 
is to use a series of sinusoidal test objects 
in rapid motion. The drawback is that 
making sinusoidal test objects accurately 
is not easy. The type in which the trans- 
mittance varies sinusoidally, which is 
similar to the variable-density type of 
soundtrack, is especially hard to make, 
although methods have been described.* 
For determining sine-wave response, as 
just pointed out, test objects analogous to 
a variable-area track can often be 
used, but this type is not suitable for such 
purposes as measuring resolving power. 
Because of the difficulty of making 
sufficiently good sinusoidal test objects, 
the crenelate§ type has been commonly 
used for that purpose. 

The crenelate type is also sometimes 
used for determining sine-wave response, 
but this procedure is open to objection 
unless certain precautions are taken. A 
crenelate pattern having lines of unit 
transmittance separated by opaque 
spaces of the same width as the lines can 
be represented graphically as shown in 
Fig. 15A. By means of a Fourier analysis,® 
this function can be represented by the 
pure cosine series™ 


4 
cos 3x 


4 
f(x) =1 += cosx— 3 


‘ cos 5x — ...(19) 
5x 


This circumstance has been turned to 
advantage for measuring sine-wave re- 
sponse by rapidly moving a crenelate 
test object, which can be made with 
comparative ease, so that the phototube 
behind the scanning slit gives rise to an 
alternating current. The harmonic com- 
ponents can be filtered out with a 
narrow-pass filter and, as far as the 
oscilloscope is concerned, the result is the 
same as though a sinusoidal test object 
had been used.*® It usually seems to be 
more convenient to use a single filter 
and explore the field of spatial frequencies 
by varying the speed of the test object so 
that the pass-frequency corresponds to 


§ The term “square wave” is frequently used for 
this type of pattern, but in the case of photo- 
graphic test objects, any resemblance to a wave 
is rather far-fetched and the writer prefers the 
precise dictionary term “‘crenelate,” which has 
been used by at least one other writer.37 

{ The equivalent equation is given in numerous 
works on Fourier analysis for the origin at the 
edge of the line instead of the center. The expres- 
sion is the same except that each cosine be- 
comes the corresponding sine and all the terms 
are positive. 


Response (%) 


Spotial frequency (lines /mm) 


Fig. 14. Sine-wave 
analysis of a certain 
spread function. A, 
sinewave response or 
modulus of Fourier 
transform; B, sine (A**) 
and cosine (A #c) trans- 
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Fig. 15. A, crenelate light distribution with distance coordinate in angular measure for 
convenience of making the Fourier transform; B, pie-chart type of test pattern. 


first the fundamental spatial frequency, 
then the second harmonic, etc.“~® 
A type of test object that is especially 
convenient is the sunburst or pie pattern 
(known in Europe as the “Siemens 
star’) shown in Fig. 15B. This can be 
rotated and the phototube current 
filtered as just explained.” 

One way of determining the phase of 
the response in connection with the 
devices that have just been described is 
to use a comparison beam that passes 
through a good objective and forms an 
image on the axis. The spread function of 
such a lens on the axis is symmetrical 
and therefore the response is in phase 
with the object for all frequencies.%“ 
When the pie chart is used, it can be 
mounted in a toothed ring and a pickup 
coil near the moving teeth will then 
furnish the impulses for the time axis of 
the oscilloscope.* 

An ingenious method of continuously 
recording the sine-wave response of 
lenses has been described® in which the 
test object consists of two halftone 
screens in contact that are rotated with 
respect to each other in their own respec- 


tive planes to vary continuously the 
angle between the lines. The result is a 
moiré pattern whose spatial frequency 
varies with the angle between the lines 
and whose light distribution is very 
approximately sinusoidal. If the angular 
speed with which the screens are rotated 
is held constant, a sinusoidal image of 
varying spatial frequency passes across 
the scanning slit at a constant rate. A 
second slit picks up light from the screen 
combination itself, and the two beams 
of light impinge on a phototube. A 
cathode-ray oscilloscope associated with 
the phototube displays a curve of the 
amplitude of the image relative to that 
of the object against spatial frequency, 
which is to say that it displays the sine- 
response curve. Since the phase in the 
image relative to that in the object is 
also known, the oscilloscope can be 
arranged to display the relative phase 
against spatial frequency by means of a 
second electron beam. 

Another way of impressing a sinusoidal 
pattern” is to form an image of a slit 
and sweep this image across the field 
with a rotating mirror. Two polarizers 
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Fig. 16. Left, spot diagram partitioned into equal slices along x-axis. 
Right, plot of number of spots V(x) in each slice (small circles) and 
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cumulative number =.V(x) (curve) against number of slice. Each 


slice has a width of 12.54 


are placed in the beam, one that is fixed 
and one that rotates rapidly compared 
with the speed of the mirror, so that the 
illuminance in the slit image varies 
sinusoidally 

It is possible to measure sine-wave 
response and phase by imaging a slit on a 
Stationary sinusoidal test object with the 
lens being tested.“ The procedure is to 
measure the total amount of light trans- 
mitted by the test object, move the test 
object to another position (most con- 
veniently one-quarter of a cycle away), 
and make another measurement. From 
these two measurements, both the re- 
sponse | A*| and the angle ¢ can be deter- 
mined, but the mathematical techniques 
required are beyond the scope of this 
treatment 

Interferometers are also used to meas- 
ure sine-wave response.“~*! When two 
beams from a single source (a slit or pin- 
hole) are brought together, they either 
reinforce each other or tend to neutralize 
each other, depending on whether they 
are in the same or opposite phases. 
When the path difference between two 
such beams varies linearly with time, a 
sinusoidal signal of known amplitude 
and phase is generated, and if the beams 
come from the lens under test, the 
amplitude is the modulus and the phase 
is the argument of the desired Fourier 
transform. The apparatus is a shearing 
interferometer,” and the amount of 
shear determines the spatial frequency. 
The details of the procedure require 
mathematics that are beyond the limits of 
this paper 

Another interesting method of deter- 
mining sine-wave response makes use of a 
“white-noise” generator.” If the lens 
could be presented with signals having a 
frequency range running the gamut from 
zero to infinity, the sine-wave response 
could be obtained by measuring the 


output, frequency by frequency, with a 
wave analyzer. Such a white-noise gener- 
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ator is to be found in a photographic film 
developed to a moderate density.* A 
photographic image in an emulsion of 
gamma contains 
grains of a wide range of sizes, and this 


moderate intrinsic 
circumstance, combined with the random 
distribution of the grains, gives rise to a 
granularity trace that contains a very 
wide range of frequencies. By using a 
uniformly exposed and developed photo- 
graphic film as a test object, therefore, 
and scanning the image, an analysis of 
the phototube output should give the 
sine-wave response of the lens that 
formed the image. The experimental 
difficulty is that the amount of energy 
represented by each narrow band of 
frequencies that is measured at a given 
time by the analyzer is very small, and 
hence the analysis is of low precision. 
Another method is to connect the scan- 
ning phototube with a recorder to make 
a granularity~-trace, which is_ then 
analyzed mathematically. The method of 
doing this involves autocorrelation anal- 
ysis and cannot be considered here. 

Photographic emulsions are harder to 
measure than are lenses in the sense 
that the response of the optical system 
used to impress the optical image on the 
emulsion must be taken into account. 
The photographic image can be scanned 
with microdensitometer the 
“effective” image can be determined by 
working backwards through the charac- 
teristic D-log E curve. The resulting 
response curve represents the combined 
response of the emulsion and the lens, 
but if the response of the lens is deter- 
mined as just described, this response 
function can be divided into the com- 
bined response function to give the sine- 
wave response function of the emulsion. 
Recent experiments have proved the 
soundness of this procedure.*+5% 

It is to be emphasized that the sine- 
wave response and the spread function of 
an emulsion refer to the distribution of 
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scale is logarithmic. 
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Fig. 17. Edge trace determined experimentally with finished 
lens (curve) compared with values computed from design 
data as indicated by Fig. 16 (small circles), ‘The abscissa scale 
of the graph is ten times that of the spot diagram; the ordinate 


the effective exposure. In the references 
cited, the emulsion is used as its own 
photometer so that the developer effects 
are unimportant as long as they are con- 
stant. Such photographic effects as cross 
modulation, which are evaluated in 
terms of density and not exposure, depend 
on the conditions of development in 
addition. 

So far, methods of obtaining the sine- 
wave response from the spread function 
have been discussed. By methods that 
cannot be elaborated here, the spread 
function can be obtained from the sine- 
wave response; mathematically, this 
procedure is equivalent to obtaining the 
Fourier transform of the sine-wave 
response, since the Fourier transform of a 
transformed function is the original 
function. There is one qualification to 
the statement of this mathematical 
equivalence. It concerns the argument or 
phase angle ¢ in Eq. (12), because the 
sine-wave response refers to the modulus 
alone and not to the argument, both of 
which are involved in a Fourier trans- 
form. When the spread function is sym- 
metrical, the image is in phase with the 
object and the argument ¢ disappears for 
all frequencies, as demonstrated in the 
Appendix. When the spread function 
corresponding to the sine-wave response 
is not symmetrical, @ must be taken into 
account because in general it varies with 
frequency. This is usually the case for 
lenses, whose aberrations are unsym- 
metrical except on the axis, as shown by 
Fig. 7. For emulsions, whose spread 
functions are symmetrical, @ is always 
zero although, of course, this may not be 
true for a combination of an emulsion 
with a lens. 


9. Applications and Practical 
Significance of the Spread Function 
and the Sine-Wave Response 

The performance of an optical system 
can be predicted in terms of its spread 
function even before the system has been 
constructed. Imagine the entrance pupil 
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of the system to be covered by an opaque 
plate that is pierced with a large number 
of small holes uniformly spaced. From 
the design data of the system, a ray can 
be traced from the object point through 
each of these holes, and its intercept on 
the assumed image plane can be found. 
With diffraction neglected, as is custom- 
ary in lens design, all the rays would come 
to a point on the image plane if the lens 
were perfect. Actually, they form a 
pattern like those shown in the upper 
part of Fig. 7. Since the holes in the per- 
forated stop were assumed to be uni- 
formly spaced, the density of the spots 
in this diagram indicates the concentra- 
tion of light in the image,*’ which means 
that this spot diagram is a graphical 
representation of the point spread-func- 
tion. 

To evaluate this spot diagram, it can 
be partitioned into small vertical slices of 
equal width Ax, as indicated in the left- 
hand sketch of Fig. 16. The number of 
spots \(x;) in the first slice is plotted at 
x in the graph of number WN against 
distance x or the serial number of the 
slice at the right, the number V(x.) in 
the next slice is then plotted at x,, and so 
forth. The final result is a curve N(x) 
(not drawn in Fig. 16), which is clearly 
also the line spread-function A(x). The 
cumulative curve, obtained by plotting 
N(x), [NOa) + and so forth, 
represents the integral of this curve and 
hence the edge trace J(x). All the data 
are now at hand in the conventional form 
for computing such quantities as acut- 
ance and sine-wave response. Figure 17 
shows the edge trace so obtained (small 
circles) compared with the trace made 
from the finished lens (solid line). It is 
evident that the performance of the lens 
was satisfactorily predicted. 

A deeper insight into the meaning of 
these concepts can be gained by con- 
sidering a concrete example. Figure 18 
shows at A two hypothetical spread 
functions. They have been selected 
simply because they are well-known 
mathematical functions, namely, the 
normal or Gaussian error distribution 
function with different constants, but 
spread functions of these general types 
are encountered in practice. Curve a 
represents the simple function 


A,(x) = e771 (0.125x)? 


while curve 4 represents the composite 
function 


A(x) = 0.50 $(0.50x)2 
+ 0.50 $(0.05x)? 


the first term representing the narrow 
neck of the curve and the second, the 
flaring skirt. Tables of the normal dis- 
tribution function are available in which 
the argument is a quantity ¢, known as 
the dispersion or the standard deviation. 
For curve a, ¢ = 1/0.125 = 8, while for 
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Fig. 18. A, two hypothetical spread functions used as examples. (a) Simple error func- 
tion ; (6) sum of two error functions of different dispersion. B, edge traces computed from 
spread functions a and b in A. C, sine-wave response curves computed from spread 


functions a and b in A. 
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Fig. 19. Summation of two spread functions of type a in Fig. 18A (left) and of 
type b (right). The separation is such as to make the minimum of the composite 
curve a’ practically equal to the maxima, 


curve 6,0 = 1/0.50 = 2 and 1/0.05 = 
20 for the two terms, respectively. 

Figure 18 shows at B the corresponding 
edge traces, computed by summation as 
described in Section 5 (Part I). The 
summations were made for the spread 
functions themselves, then the light 
distributions thus derived were com- 
bined with the characteristic curve of an 
actual photographic emulsion to deter- 
mine the photographic effect for that 
particular emulsion processed in one 
particular way. The width of the original 
spread function was selected so as to be 
representative of practice, and therefore 
these edge traces are also reasonably 
respreser.tative of practice. It will be 
noticed that curve a is simple in shape, 
while curve 6 is steep near the center 
but has a low gradient over a large part 
of the toe and shoulder. The acutance 
values of these curves are 2700 and 1240, 
respectively, which indicates that the 
low gradient in the toe of curve 4, 
arising from the - flaring skirt of the 
spread function, is effective in holding 
down the acutance of the system despite 
the high gradient at the center of the 
trace. 

At C are shown the sine-wave re- 
sponses corresponding to the two spread 
functions, obtained as described in the 
first paragraph of the preceding section. 
This figure shows that system a is superior 
in reproducing details that correspond 
to frequencies lower than about 50 
lines/mm but that system 4 will produce 
resolution where system a fails. This 
effect is graphically shown in Fig. 19, 


which represents the summation of two 
spread functions whose separation 4 = 
1/55 mm is such that the illuminance of 
the composite curve a’ between the two 
spread functions a is approximately equal 
to the illuminance in the two maxima. 
At this separation, the illuminance in the 
center of pattern 6’ is 30% lower than 
at the two maxima and the two spread 
functions are clearly resolved. This 
example shows the little relation that 
resolving power and acutance bear to 
each other, and that resolving power is 
not a criterion of the clarity with which 
large details are reproduced. 

This distinction between resolving 
power and sharpness has been occasion- 
ally mentioned in the literature. It was 
foreshadowed by the observation of an 
amateur astronomer, Rev. W. R. Dawes,® 
about 1830, that a telescope with a 2}-in. 
objective having a “wretched figure” 
nevertheless separated closer double 
stars than a “perfect little glass” of 12- 
in. aperture. Of course, the poorer glass 
showed a large amount of “fluff” around 
the image. For another instance, at the 
turn of the century,® the suggestion was 
made that image quality might be im- 
proved by enhancing contrast at the 
expense of resolving power. 

This distinction has been noticed in 
connection with modern quantitative 
studies,“ and a practical case has been 
described in the pages of this Journal.’ 
In this case, one photograph, made with 
a spread function having a flat top ard 
steep sides, showed high sharpness but 
low resolving power, while the com- 


II — Sine-Wave Response Function 243 


: 
; 
| 
\ 5 bh 4 3 
2 
a 
so. i i 
° 25 25 
: 
hy 
x. 
jee 


Response, A 
fe) 


Distance along test object, x 


Fig. 20. Sketch illustrating how pseudoresolution can occur 


when a crenelate spread function is convoluted with a sinu- 
soidal object function. Above, width of spread function a = 1/»; 


uniform illuminance in image. Below, a = 3/2»; pseudoresolution. 


panion photograph, made with a spread 
function having a narrow neck but a 
flaring skirt, 
although the resolution of the extremely 


showed low sharpness 


fine details was good. 


10. Spurious Resolution 

The sine-wave response also throws 
light on the phenomenon of spurious 
resolution or pseudoresolution, One simple 
case can be studied on the basis of the 
material that has been presented earlier. 
In the upper sketch of Fig. 20, let G(x) 
be the object function representing a line 
test-object in which the transmittance 
varies sinusoidally between zero and a 
maximum. Let A(g) be a_ crenelate 
(square-topped) spread function cen- 
tered at 4 on the test object. The con- 
volution of this spread function with the 
object function for this position gives a 
certain illuminance F(x) in the image. 
Now let the spread function be moved by 
an arbitrary distance so that its center is 
at c, as shown by the broken lines. If 
the width of the spread function A(£) 
equals the width of a single line-element 
of the object G(x), or a = 1/v, as drawn, 
a little reflection will show that the value 
of the convolution in the new position ¢, 
wherever ¢ may be, will equal the value 
at the former position 6, and thus the 
illuminance F(x) is uniform over the 
entire image. The same result is clearly 
obtained when the width a of the spread 
function equals the width of any other 
integral number of line-elements. 

Now consider the lower sketch in 
Fig. 20, where the spread function en- 
compasses one and one-half line-ele- 
ments, or @ = 3/2». When the spread 
function is centered on a maximum, like 
4, as shown by the solid lines, it en- 
compasses one complete line-element plus 
the hatched portions of the two adjacent 
Each hatched 
shown to have an area that is 9.1% 


ones. portion be 


of the total area of the graph for one jine- 
element, so the relative illuminance in 
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the image at 6 is 1 + 2 X 0.091 = 
1.182. When the spread function is 
centered on a point of minimum trans- 
mittance c, as shown by the broken 
lines, it encompasses two line-elements 
less the two dotted areas, each of which 
represents 9.1% of the area represented 
by a complete element. The illuminance 
in the image, therefore, varies from 1.182 
to2 — 2 X 0.091 = 1.818, which means 
that the image consists of a line pattern 
having an illuminance ratio of 1.818/- 
1.182 = 1.54. However, the maximum 
illuminance comes at the position that 
should be represented by a minimum, 
and since this does not correctly reflect 
the distribution of luminance in the 
original test object, the resolution thus 
produced is said to be spurious. 

This example can be also treated 
mathematically. The spread function 
A(é) is uniform from —a/2 to +a/2, 
as shown in Fig. 21, and its amplitude 
can be taken as equal to unity. When it is 
convoluted with the sinusoidal function 
G(x), as indicated by Eq. (10), the 
Fourier transform is found to be 

a sin (20) 

This quantity | A*(y), is the sine-wave 
response as before, and it is plotted 
against spatial frequency in Fig. 21. 
The regions where the curve goes below 
the axis are the regions of pseudoresolu- 
tion, the negative values of A meaning 
that the lines and spaces in the image are 
in the opposite phase from those in the 
object, so that lines appear where spaces 
should, and vice versa. This curve repre- 
sents only the varying part of the illumi- 
nance in the image; there is, of course, a 
constant illuminance superposed on this 
varying part, and thus the frequencies 
for which A = O in Eg. (20) 
uniform density greater than zero. The 


have a 


illuminance ratio between the images of 
lines and spaces diminishes for the 


successive minima and maxima in Fig. 
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Spatial frequency, v 
Fig. 21. Sine-wave response of crenelate spread function. Nega- 
tive values represent pseudoresolution. 


Fig. 22. Pie chart of Fig. 15B photo- 
graphed with lens at a focal position giv- 
ing the characteristics shown in Fig. 23. 
(Lamberts, after Lindberg.) 


21 until the illuminance becomes sensi- 
bly constant and resolution fails. 

Speaking generally, the oscillatory 
nature of the response curve that leads 
to spurious resolution arises from the 
flatness of the top of the spread function. 
Experimental cases have been cited™»” 
in which a lens has been arranged to 
produce a practically crenelate spread 
function, and the phenomena just de- 
scribed have been observed. For example, 
a photographic lens that produces an 
excellent image in its plane of best focus 
was displaced 0.6 mm from this plane 
and the pie chart shown in Fig. 15B was 
photographed. The resulting print is 
shown in Fig. 22. Two rings of spurious 
resolution are clearly visible, and be- 
tween these rings is a ring in which 
resolution is normal again. The spread 
function of the lens as used is shown in 
Fig. 23 at the left, and it is evidently 
about as nearly crenelate as could be 
expected in practice. The response func- 
tion is shown at the right, and the similar- 
ity to the theoretical function shown in 
Fig. 21 is evident. 

At the opposite extreme from the flat- 
topped function of Fig. 23 is the pointed 
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exponential function, which may _ be 
written (neglecting certain constants 
that are immaterial to the present 
argument) 


A(g) (21) 


Now it has long been known that this 
function approximately describes the 
distribution of effective exposure in an 
emulsion when a film is exposed behind a 
stop containing a very narrow slit in 
contact with the emulsion.” The sine- 
wave response corresponding to such a 
distribution has the form 


A(v) = (1 + (22) 


A better approximation® to the effective 
exposure can be made by combining 
Eq. (21) with an equation having the 
form 


A(t) = (23) 


This will be recognized as the form of the 
normal or Gaussian distribution function, 
which, as mentioned earlier, often 
approximates actual spread functions. 
The Fourier transform of such a function 
is of the type 


A(y) = (24) 


Both this equation and Eq. (22) start at 
unity for y = 0 and drop asymptotically 
to the horizontal axis for y = © without 
the oscillations exhibited by the curve in 
Fig. 21. Since the spread functions from 
which these transforms were obtained 
together describe the spread function in a 
photographic emulsion, it may be con- 
cluded that a photographic emulsion by 
itself will not introduce spurious resolu- 
tion. On the other hand, the spread 
function of a lens may take any of a 
multitude of forms, and _ therefore 
spurious resolution must be constantly 
guarded against when lenses are being 
appraised. In general, the broader the 
top of the spread function, the more likely 
the sine-wave response is to have a tail 
that becomes periodically negative; 
the more sweeping the toe of the spread 
function, the more likely the sine-wave 
response is to have a sweeping tail that 
is everywhere positive. A set of spread 
functions that can be described by simple 
formulas has been published® with their 
corresponding sine-wave responses, and 
they illustrate this principle. 


11. Comparison of Methods 


The spread function, the sine-wave 
response (with phase data when neces- 
sary), and the edge trace are inter- 
convertible and to that extent are equally 
valid for appraising the quality of an 
optical or a photographic system. Never- 
theless, they are not equally suitable in 
any given situation from the standpoint 
of convenience, precision, or ease of 
visualization. 

The spread function of a lens is easy 
to compute from the design data, and 
indeed the spot diagram itself gives a 
very good picture of this function. 
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Fig. 23. Spread function 
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(SF) and sine-wave re- 
sponse (SWR) of lens used 
to make Fig. 22. 
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These spot diagrams can be analyzed 
into what may be considered the spread 
functions corresponding to individual 
aberrations, and this helps the lens 
designer to improve his formula. 
Moreover, lens designers have long been 
accustomed to evaluating their products 
by studying the image of a point object, 
and the distribution of light within this 
image is by definition the spread func- 
tion. Nevertheless, deductions drawn 
from the spot diagrams or the spread 
function are not unequivocal. When the 
image is large, there is no doubt but 
that diminishing its size results in an 
improvement, but when it is small, its 
shape begins to be of chief importance, 
as was shown in Section 9. As was 
pointed out in Section 5 (Part I), the 
spread function can be characterized by 
a single number representing the diam- 
eter of the circle within which a given 
fraction of the light is concentrated, but 
such a figure cannot indicate the shape of 
the spread function and it ceases to 
have much significance when the image 
is markedly longer in one direction than 
in the other. Then, too, the spread func- 
tions of the individual elements of a 
system can be combined only by a 
tedious process of convolution and they 
are difficult to evaluate by direct experi- 
mental methods. The precision is also 
low when the emulsion spread-function 
is determined directly because all the 
results depend on a very small image that 
is highly localized on the emulsion, and 
a slight error in evaluating the image or a 
slight lack of homogeneity in the emul- 
sion or nonuniformity of processing will 
vitiate the results seriously. 

Of the three methods, the sine-wave 
response is least likely to be vitiated by a 
slight experimental error and, in the 
case of emulsions, it gives results that are 
fairly representative of the emulsion. 
Considerable time is required to deter- 
mine it by the conceptually simple 
method described in Section 8, but the 
necessary time is reduced to a practical 
magnitude by the more sophisticated 
methods described in the references. 
When the responses of the elements of a 
system are known, the overall response 
can be computed by simply multiplying 
the individual responses together, ordi- 
nate by ordinate. On the other hand, it is 
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difficult for an unpracticed person to 
visualize the spread function from the 
response curves. Moreover, to recon- 
stitute a spread function that is not 
rotationally symmetrical, at least two 
response curves are needed, with phase 
data for orientations in which the spread 
function is not bilaterally symmetri- 
cal. But certain deductions can be 
made directly from the sine-wave re- 
sponse. If the response for system A is 
higher than for system B at low fre- 
quencies, system A will reproduce large 
details more sharply than system B; 
if the response of system A is higher at the 
high frequencies, it will distinguishably 
reproduce finer details than will system 
B. Here again it would be desirable to 
characterize the sine-wave response by a 
single number, such as the cutoff fre- 
quency v, discussed in Section 7, but 
this does not take into account the shapes 
of the response curves. 

The edge trace shares with the spread 
function the advantage of rapid experi- 
mental determination and the disadvan- 
tage of requiring that broad conclusions 
be drawn from measurements made on a 
small image. It is also not an easy source 
from which to derive the spread function 
and thence the sine-wave response be- 
cause, as pointed out in Section 6 (Part 
I), to do so requires measuring the slope 
of the edge trace at successive points, 
and measurements of slope are difficult 
to make accurately. The edge trace is 
also even less readily interpreted ana- 
lytically than the spread function. More- 
over, just as for the spread function, if the 
image of a knife-edge is formed on an 
emulsion with a lens, the modifying 
effect of the lens must be removed from 
the overall measurement to give the 
true characteristics of the emulsion. 
It might be supposed that this procedure 
could be avoided by simply laying a 
physical knife-edge on the emulsion 
itself, but light diffused backwards from 
the emulsion is reflected at the lower 
surface of the knife-edge into the emul- 
sion again so that, from the standpoint of 
incident exposure, the knife-edge is 
actually unsharp. The idea of blackening 
the surface of the knife-edge that presses 
against the sample comes to mind, but 
the experience of the writer is that this 
is inadequate. A black coating that 
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Fig. 24. Graphs showing distortion of sinusoidal exposure pattern 
by a photographic material used within the linear part of the D-log 
E curve. E, exposure pattern of 50% modulation; 7, transmittance 
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Fig. 25. Sine-wave response curves of four emulsions and 
their combination. 1, camera negative ; 2, duplicating positive; 


3, duplicating negative; 4, release positive. Small circles, 


pattern of developed negative. Note sharp maxima and gently rounded 


minima of transmittance pattern. 


would be sufficiently matte to be effec- 
tive would produce a rough edge and, 
moreover, the coating would have a 
tendency to come off on the film. To 
make the extreme edge sufficiently sharp, 
it must be polished, and it is the reflection 
at this extreme edge that causes most of 
the damage. Moreover, there is a sus- 
picion that diffraction produces an effect 
even within the short distance represented 
by the thickness of the emulsion. A 
possible result of this effective unsharp- 
ness of the edge is an apparent asym- 
metry in the edge trace, and the asym- 
metry of emulsion spread-functions that 
have sometimes been reported® may be 
due to this cause. On the other hand, 
an apparatus® for testing lenses that in- 
volves a rotating sector disc, the edges 
of the opaque sectors serving as the knife- 
edges, has been found to give the same 
results as more orthodox apparatus. 


12. The Overall Response When 
Printing Is Involved 


When every element of a cascaded 
system is linear - 
each element is proportional to the 
input — the overall 
system can be computed by 
multiplying the curves for all the ele- 
ments together, ordinate by ordinate. 
When, on the other hand, one or more 
of the elements is nonlinear, the overall 
response cannot be so simply computed ; 
the nonlinear element introduces har- 
monics, and a sinusoidal input signal is 
not reproduced sinusoidally. This circum- 
stance is well known to electronic engi- 
neers and is exemplified by the over- 
loading of an audio amplifier. Of course, 
two nonlinear elements may compensate 
for each other, but in this case the two 


response of the 
simply 
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when the output of 


elements may be considered together as a 
single linear element. 

The photographic negative is another 
example of just such a nonlinear ele- 
ment. During the printing operation, the 
input signal for the positive stock — 
the exposure —is proportional to the 
transmittance of the negative. Over the 
sensibly straight portion of the D-log E 
curve of the negative, it is easy to show 
that the relation between the exposure 
of the negative film in the camera and 
the transmittance of the developed 
negative is 

T = KE~’, 
When y = 1 ‘iis relation represents a 
hyperbola modified at very low and very 
high values of E by the departure of the 
D-log E curve from linearity; it can 
never represent a truly straight line. 

The effect of this hyperbolic relation 
on the reproduction of a_ sinusoidal 
pattern is shown in Fig. 24, where curve 
E represents a sinusoidal pattern having a 
ratio of 3:1 between maximum and 
minimum and hence a modulation of 
1.2 or 50%. When a negative of this 
pattern developed to unit gamma is 
made on the straight portion of the D-log 
E curve, the resulting curve of trans- 
mittance, assuming no light diffusion in 
the negative during exposure, has the 
shape of curve 7. The distortion of this 
curve is quite evident. Nevertheless, 
when a print is made of this under the 
similarly ideal conditions of unit gamma 
and no light diffusion, so that the sine- 
wave response is constant, it is easy to 
show that the distortion of the curve 
shape is exactly neutralized and the 
transmittance of the resulting print has 
the sinusoidal form of curve E. 

This compensation for distortion is 
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response of release print made by successive printings; heavy 
curve, theoretical combined response found by multiplying 
curves 1-4 together. 


subject to the restrictions that the sine- 
wave response of the positive film must 
be constant with frequency and that the 
gamma-product of the positive and the 
negative films together must equal unity. 
Curve T in Fig. 24 can be analyzed into 
Fourier components of — successively 
diminishing amplitude and_ increasing 
frequency, and if the sine-wave response 
of the positive film is not constant, these 
components will be unequally attenuated 
and therefore the distortion introduced by 
the hyperbolic characteristic of the nega- 
tive film will not be exactly compensated 
for by the corresponding distortion 
introduced by the characteristic of the 
positive film. It can be shown® that the 
distortion of the negative diminishes with 
decreasing exposure modulation and 
decreasing gamma of the negative, 
but of course there are practical lower 
limits to exposure modulation and nega- 
tive gamma. 

The requirement that the positive 
material should have as constant a sine- 
wave response as possible does not mean 
that a positive material with a rapidly 
dropping response cannot be cascaded 
mathematically to give the overall 
response of the photographic process 
in which it forms a part. It is true that 
the addition or elimination of harmonics 
affects the shape of the wave (that is, it in- 
troduces distortion). But the modulation 
of the transmittance curve is determined 
only by the amplitude of the curve and 
not by its shape. The presence or absence 
of the harmonics may affect the dis- 
tortion markedly, but they form such a 
minute fraction of the total that their 
elimination by the frequency-filtering 
action of the positive film affects the 
modulation only slightly. 

The accuracy with which the simple 
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cascading process gives the overall re- 
sponse function of a print is shown®™ by 
Fig. 25. The curves in numerical order 
are the response functions of the camera 
negative, the duplicating positive, the 
duplicating negative and the theater 
release print. When these are multiplied 
together, they give the lowest curve, 
which is the theoretical overall response 
for the original exposure plus the three 
successive printings. The actual printing 
operations were carried out by contact 
in a vacuum frame with a point source of 
light, and the response as determined 
from the microphotometer trace is shown 
by the small circles. The modulation of 
the original exposure was less than 68%. 
It is clear that the overall response can be 
predicted for a cascade of even three 
printing operations if these operations 
are conducted so that additional diffusion 
is not introduced from such extraneous 
sources as poor contact. 

A similar procedure can be used to 
determine whether the printing condi- 
tions are as good as possible. The solid 
curve in Fig. 26 is the theoretical overall 
response for a certain theater-release 
positive film printed from a camera 
negative film. The response obtained 
when a negative was made of a 
sinusoidal test object and printed on the 
positive film with a commercial motion- 
picture printer is indicated by the tri- 
angles. This response is obviously very 
inferior and would lead to a loss of the 
fine details in the picture and of the high 
frequencies in the soundtrack. When the 
negative was printed in the printer 
described in the preceding paragraph, 
the response indicated by the small 
circles was obtained, and it is clear that 
no improvement over this is to be ex- 
pected but that it is theoretically possible 
to make a notable improvement in the 
performance of the commercial printer. 

It has been possible to give here only 
an outline of the newer concepts in- 
volved in the appraisal of optical and 
photographic systems and a slight idea 
of their capabilities. These concepts are 
giving us a much deeper insight into the 
behavior of such systems, and papers 
based upon them are constantly appear- 
ing.’ It may not be long before the 
practical photographer will be as familiar 
with spread functions and sine-wave 
response as he is today with graininess 
and resolving power. 


APPENDIX 


Computation of Sine-Wave Response 
From Spread Function 

Experimental methods of determining 
the sine-wave response of a lens have 
been described in the text. From a 
mathematical standpoint, they consist 
in convoluting the spread function with a 
series of sinusoidal object functions. The 
same thing can be done by computation, 
but to see how this is done, additional 
formulas must be developed. 
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Fig. 26. Test of quality of printing opera- 
tion. A, sine-wave response of print made 
with commercial motion-picture printer; 
O, response of print made in vacuum frame; 
curve, theoretical response computed from 
responses of negative and positive stocks. 


In Section 8 it was shown that the 
light distribution in the image of a 
sinusoidal object could be expressed as 


F(x) = by + b,A® cos 


+ b,A®™ sin (15") 


where Af¢ and A** are the cosine and the 
sine Fourier transforms of the spread 
function, respectively. They are, of 
course, functions of frequency, and for 
any given frequency the cosine transform 
can be written 


A(£) cos dé 
A*(y) 


ind the sine transform can be expressed 
analogously. Here the quantity ¢ is 
measured along the axis but its origin is at 
the center of the spread function, as 
shown in Fig. 27. The denominator is 
simply the area of the spread function 
alone and is introduced to normalize the 
expression. Since the modulus of the 
Fourier transform is related to the cosine 
and sine components of the transform by 
the equation 


= (At? 4 (16’) 


it can be readily computed when the 
cosine and sine transforms are known. 

The practical way of evaluating these 
transforms is to follow the procedure 
indicated by Fig. 27. The origin of 
abscissas is taken at some convenient 
point of the spread function and a 
maximum of the cosine curve is also 
placed there. The axis of abscissas is 
divided into small uniform increments 
at f,...&,... &, as shown and the 
corresponding values of the function 
cos 2rvt; are taken off at each point §,. 
The equation corresponding to Eq. 
(25) for this sort of step-by-step summa- 
tion is 


| } 
&n 


Figure 27 


A(é;) cos 2rvt; Ag; 
Ag; 


i=—m 


where i ranges from the first measurable 
value —m of the spread function on one 
side to the smallest measurable value n on 
the other. First the value A(g ) at the 
origin is found and multiplied by the 
corresponding value of cos 2mv§> (which 
is unity here). The same thing is done at 
every other point &, &, etc., from —m 
to n, and all the products are added 
together. This gives the value of the 
numerator for the selected frequency. 
The denominator is obtained similarly 
except that the A(é;) are not multiplied 
by cos 2rvg;. The process is then repeated 
for successively higher frequencies (ex- 
cept that the denominator need _ be 
computed only once) until a frequency 
is reached for which the sum becomes 
negligible. This gives the cosine transform 
Afe, 

The sine transform Af* is obtained in 
exactly the same way, by combining 
A(é;) in Fig. 27 with sin 27v€;. In this case, 
for § = 0, sin 2rvf&>) = 0. If the spread 
function A(g) is symmetrical, it will be 
found that the sine transform is zero 
for every frequency because the negative 
terms in Eq. (27) exactly cancel the 
positive terms. This means that Afe = 

Af, or the cosine transform alone 
equals the sine-wave response. Curve F 
in Fig. 10 was computed in this way from 
the symmetrical spread function A(£) 
shown at A and the sinusoidal object 
functions G(x) shown by curves B-E. 
As is customary, the response values were 
normalized and therefore the value of 
curve F at y = Ois unity. 

Since the transforms | Af|, Af*, and 
Af* can be regarded as vectors, we can 
write 

Ate = | cos ¢, 


where the argument @ is the angle 
between Afe and | Af! or the phase 
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Table I. Numerical Example of Computa- 
tion of Sine-Wave Response From Spread 
Function. 


cos (1)x 
(2) 


—0 

—1 

—0 
0 
0 
1 
0 
0 


= 3.19/6.90 = 0.462 

= —0.54/6.90 = —0.078 

= (0.213 +0 006) 4 = 0.469 

= —(.078/0.462 = —0.169 
— 9°36’ 


angle. When Aft = | Af), it appears 
from Eq. (17) that cos ¢@ must equal unity 
and therefore @¢ = 0. This proves that 
the phase angle is always zero when the 
spread function is symmetrical, as was 
stated in the text. more 
precise value of & can be obtained by 


Sometimes a 


using the formula 


tan £ (27) 


The understood 
more readily from the numerical example 
given in Table 1. The argument of this 
table is the distance coordinate £, and 
column 1 is the corresponding ordinate 
of the spread function A(g). Column 2 


is the cosine-weighting factor and column 


procedure can be 


3 is the product of columns 1 and 2. 
Column 4 is the sine-weighting factor 
aid column 5 is the product of columns 
1 and 4. The operation can be followed 
readily by reference to Eqs. (26), (16) 
and (27) in turn. The numerical value 
of the quantity Ag, is, of course, 1.5 yu, 
but this has been ignored in the com- 
putations because it cancels out from the 
numerator and denominator. Somewhat 
higher precision might have been gained 
by using a smaller interval, but that is 
unnecessary for an example and would 
have lengthened the table. One cycle 
of the the 
transform represents 12.0 uw, and hence 
the corresponding spatial frequency is 
1000/12.0 = 83 cycles/mm. To get the 
complete response curve, the operation 
would be repeated for a graded series 
of frequencies. The curve of phase angle 
versus frequency v would be extrapolated 


sinusoidal wave used for 


0, and then the curve would 
bodily along the y-axis to 
make @ = 0 atv = O because the image 
must be in phase with the object when 


back to y = 
be moved 


the frequency is zero. 

The operations involved in the pro- 
cedure just described are repetitive and 
are therefore admirably suited for elec- 
tronic computers. Nevertheless, picking 
off successive values of the spread func- 
tion is a considerable chore and is readily 
susceptible to error. To increase the 
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speed of computation and reduce the 
likelihood of error, an analog computer 
has been devised that performs the 
integration represented by Eq. (25) 
directly. A scanning device like the one 
shown in Fig. 13 is set up with a slit 
instead of the sinusoidal test object so 
that the spread function of the lens is 
scanned. The amplified output of the 
phototube is passed through a rotary 
potentiometer that has a_ sinusoidal 
taper. The speed of rotation of the 
potentiometer arm relative to the scan- 
ning speed is determined by the fre- 
quency for which the evaluation is being 
made. The output of the phototube 
is thus weighted sinusoidally by the 
potentiometer to give A(t) cos 2rvé and 
then it is fed into an integrating device, 
such as a motor whose speed is propor- 
tional to its input voltage and which is 
connected to a revolution counter. The 
sine transform is similarly obtained by 
repeating the scan with the arm of the 
potentiometer displaced by 90°. 
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Modern Control of Theater Sound 


Feature films are now going into theater release with three different soundtrack 
classifications — single-channel optical, 4-channel magnetic and 6-channel mag- 
netic. When appropriate theater reproducer systems are installed piecemeal, 
the resulting combination of equipment and controls is often difficult to operate 
and confusing to the projectionist. A sound reproducing system has been designed 
to eliminate duplication of controls, simplify routine operating, as well as provide 
emergency procedures and pushbutton selection of operating modes at each pro- 


jector position. 


SOUND was introduced to 
the motion-picture industry a few years 
ago; it then represented perhaps the 
first serious attempt to introduce stereo- 
phonic sound to the general public. 

The first demand for stereophonic 
reproducing equipment was so sudden 
that there was little time to think about 
such niceties as convenience of operation, 
or even convenience of installation, so 
the magnetic systems were not combined 
with the existing single-channel optical 
systems. (At the time this did not seem 
too important, ‘ because the feeling 
throughout the industry was that optical 
sound would soon disappear. This has 
not been the case.) Some magnetic 
systems did not even integrate the stage 
and surround speaker controls. 

The projectionist was then, with few 
exceptions, confronted by an awesome 
array of controls and equipment to 
handle only one aspect —the sound 
—of the multiple responsibilities of his 
position. 

This is no exaggeration. Figure 1 
shows the controls on the front wall of a 
typical projection room equipped to 
run 4-channel magnetic and_ single- 
channel optical soundtracks (plus inter- 
mission programing). Only two opera- 
tions concerned with sound are normally 
necessary during a performance — 
the changeover between projectors and 
the adjustment of level in the audi- 
torium. The duplication of controls to 
handle identical functions has resulted 
in ten different controls to accomplish 
two operations. 

Starting with a very few theaters 
approximately four years ago, more and 
more houses are being converted to a 
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long-run, road-show policy. The feature 
pictures intended for these theaters use 
70mm film with 6-channel magnetic 
sound. It has become apparent that we 
can no longer modify and expand; 
we must integrate the reproducing equip- 
ment into one system which eliminates 
duplicate and triplicate controls. 
Original Design Goals 

Certain objectives were originally set 
up as design goals. Most important was 
the need for universal controls to operate 
identical functions, common to every 
type of sound. This applied particularly 
to changeover, auditorium level and 
emergency controls. 

It was decided that emergency pro- 
cedures would allow complete reproduc- 
tion of the recording, without sacrificing 
one channel in favor of another. (It 
is quite common to sacrifice the “‘sur- 
round” channel to continue full-stage 
speaker output during emergency oper- 
ation.) 

The system had to be capable of 
selecting not only the six soundtracks 
on the road-show releases, but also 4- 


Fig. 1, Controls for 4-chan- 
nel magnetic and single- 
channel optical sound- 
tracks. 
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frequency response determination,” Optica 
Acta, 6: 152-157 (1959). 
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press, the fifth meeting of the International 
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holm. Many of the papers were on the appraisal 
of optical systems, and they are being published 
in Optica Acta. 


By GEORGE B. GOODALL 


channel magnetic and _ single-channel 
optical tracks. Some of the road show 
films would have synchronous sound, 
where the magnetic tracks would be 
recorded on film separate from the 
picture film, so a selection for this sound 
was necessary. A fifth selector would 
allow the programing of intermission 
(nonsynchronous) music through the 
normal system. 

A practical aspect of motion-picture 
production is that the changeover 
point must be determined by the 
picture, with sound a minor considera- 
tion. Road-show releases have almost 
continuous background music or sound 
effects, which means that the changeover 
practically never occurs during a period 
of silence. It was thus necessary that the 
new system avoid relay-controlled sound 
changeover, with associated muting 
circuits. 

The main design goal was a unified 
installation, appropriate to the con- 
venience of the projectionist. 


Results of the Design Program 


Two systems were designed, one 
employing “high-level” switching and 
the other “low-level”? switching. These 
designations describe the point in the 
circuit where sound selection and sound 
changeover are controlled. In the low- 
level system, leads from the magnetic 
heads are switched, and seven pre- 
amplifiers, plus the sensing unit, suffice 
for the system. In the high-level switch- 
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ing system, the controls are applied after 
preamplification, thus each projector 
must be supplied with a separate pre- 
amplifier for each channel in all three 
configurations of soundtracks. A normal 
three-projector installation, where syn- 
chronous sound from a separate magnetic 
sound film is unnecessary, will require 
30 magnetic preamplifiers, plus three 
12-ke sensing units. (In CinemaScope 
pictures, the surround channel is opera- 
tive only when a 12-kc tone actuates 
the sensing unit.) We shall examine only 
the high-level switching system in this 
discussion 

One result of the design and develop- 
ment program is indicated in Fig. 2. 
This photograph was taken in a theater 
recently converted to a road-show basis, 
at a position corresponding to that of 
Fig. 1. Despite the fact that this pro- 
jection room is equipped to run two more 
types of soundtracks than the first, the 
single small control box in the upper 
center of the picture provides complete 
and instantaneous sound selection, sound 
changeover, and auditorium level con- 
trol. 
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Fig. 3. Equip- 
ment in front- 
opening racks. 


One of these control units for each 
projector, and the master gain control, 
are mounted on the front wall of the 
projection room. All other equipment 
is mounted in front-opening cabinet 
racks (Fig. 3) which can be located at 
any convenient point near the projectors. 


Functional Description of Complete 
System 1 


A simplified functional block diagram 
of the complete system is shown in Fig. 
4. Any number of projectors can be 
employed, each requiring a separate 
bank of preamplifiers and a separate 
switch panel. (For reasons of simplicity 
the connections for synchronous sound 
have been eliminated from the functional 
block diagram.) 

The audio signals from the magnetic 
heads, nonsync 


source 


photoelectric cell, or 
proceed directly to the pre- 
amplifiers. The inputs of the preampli- 
fiers may be strapped for either low- 
impedance (40 ohms) or high-impedance 
(150-250 ohms) heads. It is to be noted 
that separate preamplifiers are provided 
for each source, thus each projector will 
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need six for 6-channel synchronous, 
six for 6-channel composite, four for 
CinemaScope (plus a 12-kc sensing 
unit), and one for optical. 

From the preamplifiers, whose out- 
put impedance is 600 ohms, the signal 
is routed to the switch panel, controlled 
by pushbutton switches at each station 
control box. Any type of soundtrack may 
be instantly selected by pressing the 
appropriate button. A sound changeover 
pushbutton at each station unit controls 
a changeover switch on the switch panel, 
determining which projector will origi- 
nate the signal to the system. Next in the 
circuit is the master gain control unit, 
consisting of six ganged, 600-ohm 
attenuators. This control is mechanically 
coupled to each station control unit so 
that local regulation of auditorium sound 
level can be accomplished at each pro- 
jector. 

The signal then proceeds to the moni- 
tor and emergency panel. This panel 
provides switching across the seven power 
amplifiers, whose input bridges the 600- 
ohm line and which may be strapped for 
8-, 16- or 32-ohm output (or 70-v line). 
Power amplifiers 6 and 7 are normally 
paralleled to drive the surround speakers, 
with 1 through 5 driving the five-stage 
speakers. 

The monitor selector switch allows 
the projectionist to monitor all channels 
simultaneously or each channel individ- 
ually. A test jack, the signal at which is 
also selected by the monitor switch, 
provides a convenient point to check 
signal level with a voltmeter; an off-test 
position of the amplifier switch terminates 
each amplifier in a resistive load for 
testing and adjusting under identical 
conditions. 

From the monitor and emergency 
panel the signal is routed to the loud- 
speaker system. 


Equalization 

All equalization is provided in the 
preamplifiers, with plug-in circuits uti- 
lized. Six-channel soundtracks use the 
same reproduce curve as the standard 
four-channel, so identical equalization is 
used in all magnetic preamplifiers. 
Optical equalization, following the Mo- 
tion Picture Research Council recom- 
mended curve, may be obtained by 
either using a plug-in optical equalizer 
in the preamplifier, or by employing a 
photoelectric cell coupling unit working 
into a normal magnetic preampli- 
fier. The coupling unit converts the out- 
put characteristics of a photoelectric 
cell to coincide with those of a magnetic 
head, and this method results in having 
all preamplifiers of a standard configura- 


tion, 


Sound Selection Circuit 


Sound selection is controlled by the 
five pushbuttons mounted in a row 
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across the station unit} (Fig. 5). These 
buttons control the action of a rotary 
stepping mechanism on a_ switching 
panel in the racked equipment. Each 
station unit controls the sound selection 
at the adjacent projector only, so one 
projector can be running one type of 
soundtrack while the other is set up for 
a different type. 

The rotary stepping action mech- 
anically controls the positioning of a 
seven-deck switch, one for each of six 
channels plus a pilot light deck (Fig. 6). 
Lights on the control unit visually 
indicate the sound selection. An 80-v 
power supply provides d-c power for 
the rotary switch and the changeover 
switch. 


Sound Changeover Circuit 


Changeover of sound between pro- 
jectors is accomplished by one push- 
button at each station unit (Fig. 5). 
As this button is pressed, sound originat- 
ing from the adjacent projector is con- 
nected in the circuit and that from all 
other projectors is discontinued. Two 
rotary-type solenoids are employed at 
each switching panel — one on coil and 
one off coil (Fig. 6). The pushbutton 
at each station simultaneously actuates 
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Fig. 5. Station control 
unit. 


the on coil for the adjacent projector 
and the off coil for all other projectors. 
The rotary solenoids are mechanically 
coupled to a double-throw, three-deck 
switch. As the on solenoid at any pro- 
jector is actuated it causes the switch 
to move in a direction that removes a 
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short from the sound circuit of that 
projector. At the same time the of 
solenoids of all other switching panels are 
actuated ; those switches close, and sound 
originating from other projectors is 
shorted out. 

Instantaneous and noiseless change- 
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over is achieved by using high-quality, 
silver contact switches in this circuit, 
and by the precise routing and cabling 
of all leads. No muting devices are 
required. 


Level Control Configuration 


A rigid mechanical coupling extends 
from the master gain panel through each 
station unit to provide auditorium level 
control at each projector. The master 
gain adjusts the sound level of all 
channels simultaneously, with an addi- 
tional 8-db trimmer control for the 
surround channel. Provision is made to 
transfer sound control to a_ remote 
location in the auditorium, so that this 
function can, when desired, be adjusted 
by someone sitting in the audience. 


Emergency Facilities 

All power supplies are provided in 
duplicate, with appropriate switching 
to insert the standby supplies in the 
circuit if the normal unit fails. Plug-in 
magnetic preamplifiers are always avail- 
able, as at least ten are supplied for 
each projector and not more than six 
will be in use at any given time. 

The monitor and emergency switches 
bridge the inputs and outputs of all 
power amplifiers. It will be recalled 
that power amplifiers 6 and 7 normally 
are paralleled to drive the surround 
speakers. If a stage channel amplifier 
fails it is necessary only to change the 
switch for that channel and for channel 
7 to the emergency positions. This 
action substitutes amplifier 7 for the 
faulty amplifier, and full stereophonic 
operation continues— with amplifier 
6 still driving the surround speakers. 
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The surround level trimmer control can 
now be adjusted to compensate for any 
loss in surround volume. The input of 
the faulty amplifier will automatically 
be shorted, and its output terminated 
in a resistive load. 

Insertion losses to the surround speakers 
usually require that the output levels 
of amplifiers 6 and 7 be higher than those 
for the stage channels. Thus, if amplifier 
7 were substituted in a stage channel 
it would cause an unbalanced condition 
with one channel louder than the other 
four. A potentiometer has, therefore, 
been inserted in the emergency input to 
this power amplifier to achieve an emer- 
gency output level preset to equal that 
of the stage channels. This control is 
adjusted during installation. 


Conclusion 

The sound system described has been 
installed in many road-show theaters 
throughout the country. Its advantages 
include simple operation, complete emer- 
gency facilities, and compact installation 
characteristics. Perhaps its greatest con- 
tribution is in the elimination of dupli- 
cate and triplicate operating and emer- 
gency controls; in this respect it repre- 
sents an advanced approach to the con- 
trol of theater sound. 


Acknowledgment 


Credit for originating and develop- 
ing the selection and control system is 
due H. G. Hummel and E. M. Lewis 
of Ampex Corp. 


Discussion 


Edgar A. Schuller (DeLuxe Labs., New York): 
I'd like to know what kind of survey of theater 
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installations you made before you decided to 
develop this equipment. 

Mr. Goodall: The company went to the exhi- 
bitors, the producers and the _projectionists 
themselves to find out what the projectionist 
needed, what the exhibitor thought he could 
pay, and what the producers were going to use. 
Does that answer your question? 

Mr. Schuller: How extensive was that survey? 

Mr. Goodall: 1 feel it was quite extensive. 
Mr. Lewis is here in the audience. He is one of 
the instigators of the system, perhaps he can 
answer it better than I can. 

E. M. Lewis (Ampex Corp., Redwood City, Calif.) = 
We concentrated our technical investigation in 
the Hollywood area, contacting many of the 
outstanding directors, sound engineers and 
projectionists. Our marketing department mailed 
questionnaires to representative theaters and 
projectionists throughout the country. A pro- 
totype system was used with the first picture 
Oklahoma at the Egyptian Theater in Holly- 
wood, 

Mr. Schuller: Then I would assume that it 
was a pretty representative survey. Did you find 
that some theaters were using CinemaScope 
film with magnetic tracks and reproducing only 
one channel? 

Mr. Goodall: 1 think that has occurred, yes. 
And they do have a lot of films where they have 
a choice (in the mag-optical prints) between 4- 
channel magnetic and optical. Some of them were 
using the optical. 

Mr. Schuller: Yes, it’s unfortunate, but it's 
a fact. I notice that on your selector switch you 
have one position marked ‘“Todd-A-O Synchro- 
nous” and another ““Todd-A-O Composite.” 
What is the difference? 

Mr. Goodall: “Synchronous” means the sound 
is recorded separately from the picture film and 
a film transport or some similar device would be 
used that would have to run in synchronism with 
the projector. A “Composite”? picture is, of 
course, one with the sound recorded on the same 
film as the picture. 

Mr. Schuller: 1 wasn’t aware of the fact that 
Todd-A-O was also released in the double- 
system format. 

Mr. Goodall: This was done right at the start 
of the Todd-A-O productions. I don’t know if 
there are any future plans for such productions, 
but of course we had to make allowances for 
it. 
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New Technology in Lighting 


Control Equipment 


Two recent innovations in lighting control equipment, the silicon controlled rectifier 
dimmer and the “infinite preset’? control system, offer new and exciting possi- 
bilities in the field of studio lighting. These innovations have raised interesting 


technical problems which are discussed. 


is NOTABLE DEVELOPMENTS have 
been introduced recently by the theat- 
rical lighting industry; the use of the 
silicon controlled rectifier (S.C.R.) as 
a dimmer component and the use of 
punch-card equipment for “‘infinite 
preset” systems. As both these develop- 
ments involve technology new to the 
industry, it is difficult to discuss them 
without first defining standards for 
evaluation which, while based upon 
lighting industry requirements, are con- 
sistent with experience in the semicon- 
ductor and data-processing industries. 

The operational features of these two 
developments have been adequately 
described by the various equipment 
manufacturers and are not the subject 
of this paper.* It is, however, intended 
to discuss reliability, definition of per- 
formance, and maintainability aspects 
of the use of these new techniques in 
lighting control applications. It is hoped 
that this discussion will help establish 
standards for evaluation of these es- 
sential, but ‘“‘nonoperational” aspects 
of the new developments. 


The Silicon Controlled Rectifier Dimmer + 


It is, by now, common knowledge 
that the most important engineering 
problem in the use of the silicon con- 
trolled rectifier in a dimmer is the prob- 
lem of protection. There are two basic 
reasons for the importance of this prob- 
lem: 

(1) Semiconductor devices are much 
less capable of withstanding relatively 
moderate or short-duration overloads 
than any other power control device. 

(2) The commercially available 
S.C.R. dimmers are using the S.C.R. 
very close to its maximum ratings. 


A contribution submitted on October 27, 1959, 
by Walter A. Levy, 160A Haddon Hills, Haddon- 
field, N.J. 

*Rollo Gillespie Williams, ‘Significant develop- 
ments in TV studio lighting layouts,’ Jour. 
SMPTE, 68: 545-547, Aug. 1959; and Herbert 
W. More and Albert W. Malang, “The silicon 
controlled rectifier dimmer,” Jour. SMPTE, 68: 
678-683, Oct. 1959. (Both papers were delivered 
on May 6, 1959, at the Society’s Convention in 
Miami Beach.) 

TThe term “silicon controlled rectifier dimmer” 
(abbreviated as S.C.R. dimmer) is used in this 
paper in a general sense to refer to any dimmer 
using the silicon controlled rectifier as the power 
controlling element. 


As the object of protection is to keep a 
device from being operated beyond its 
ratings, there are three significant rat- 
ings of the S.C.R. which must be ex- 
amined in detail: 


(1) Steady-State Full-Load Current Rat- 
ing. The full-load current rating is es- 
tablished to prevent the S.C.R. from 
overheating and destroying itself. This 
is essentially a heat transfer problem in 
which the temperature of the air sur- 
rounding the S.C.R. is a very signi- 
ficant factor. The operating tempera- 
ture of the S.C.R. in presently avail- 
able dimmers is sufficiently close to the 
maximum allowable to cause concern 
that high, but not abnormal, equipment 
temperature may induce failure of the 
S.C.R. The use of a thermal overload 
breaker mounted in the dimmer chassis 
is clearly desirable for protection. Ven- 
tilation of the equipment must be care- 
fully designed because of the need for 
close control over temperature. The idea 
of mounting an S.C.R. dimmer in close 
proximity to the spotlight it controls 
should be approached with the utmost 
caution because of this temperature 
problem. 


(2) Surge Current Rating. The S.C.R. 
is very limited in its ability to avoid 
destruction due to the high inrush cur- 
rent drawn by a cold incandescent 
lamp. The present ratings for surge 
capacity signify the S.C.R.’s ability to 
withstand accidental surges but not 
repeated surges that are part of the 
normal operation of the application. 
Because the S.C.R. is such a new device, 
evidence has not yet been accumulated 
which permits a precise definition of 
the “operational surge current ratings.”’ 
There is little doubt, however, that the 
closer the repeated surges may ap- 
proach the rating established for ac- 
cidental surges, the greater is the prob- 
ability for failure of the S.C.R. 

There are two methods currently 
known for surge protection: (1) the 
high-speed current-limiting fuse (amp 
trap) and (2) the current limiting re- 
actor. Either method may be designed 
for any desired safety margin below the 
“accidental surge’ rating of the S.C.R. 
If the method of protection is the amp 
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trap, there is a trade-off between the 
safety margin against surges and the 
dimmer capacity. Use of the current 
limiting reactor may cause a problem in 
dimmer voltage regulation but other- 
wise does not require a_ trade-off of 
dimmer capacity against safety margin. 


(3) Peak Inverse Voltage Rating. If the 
applied peak voltage exceeds the peak 
inverse voltage (PIV) rating of the 
S.C.R. for more than a few milliseconds, 
the cell may be damaged. The rating of 
the G.E. C 35B S.C.R. currently used is 
200 v. In the conventional back-to- 
back dimmer circuit the applied PIV 
is 1.414 X (line voltage). Thus the PIV 
applied by a 120-v line is 170 v and if 
the line is boosted to (say) 130 v to 
compensate for dimmer losses, the peak 
voltage is 14 v. The application thus 
will utilize 85% to 92% of the rating. 
The risk involved here lies in the pos- 
sibility of transient voltages induced on 
the power lines feeding an S.C.R. dim- 
mer installation being sufficient in mag- 
nitude and duration to cause a failure. 
It is unfortunately very difficult to eval- 
uate this risk, as no device hitherto used 
in common 120-v lighting systems has 
been nearly as sensitive to voltage tran- 
sients and consequently able to offer a 
history for examination. 

An S.C.R. manufacturer’s PIV rating 
must be very precise. A clue to the pre- 
cision of this rating is the fact that the 
PIV rating of the next higher rated 
cell (Model C35H) is only 250 v and 
the price goes up in direct proportion 
to the PIV rating. 

These facts about PIV rating are not 
offered to cause alarm, but only to il- 
lustrate some basic problems in the ap- 
plication of semiconductor devices. With 
regard to voltage ratings, we may 
state that: (a) due to a phenomenon 
known as “avalanche breakdown,” the 
PIV rating of any semiconductor device 
is quite precise, and must be carefully 
regarded; and (b) high PIV ratings are 
inherently difficult to achieve in semi- 
conductor devices and therefore a very 
costly property. (The ability of the S.C.R. 
to control power at high voltages con- 
stitutes a major breakthrough in the 
art.) 

As a result of these two basic facts, 
it is common practice in transistor cir- 
cuit design to determine the PIV re- 
quirement very carefully but to use the 
PIV rating of the transistor “to the 
hilt.” 

Figures are not offered on interpreta- 
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tion of current ratings, because there is 
some difference in approach by the var- 
ious equipment manufacturers and the 
author does not want to compare speci- 
fic commercial products. (The use of 
the 200-v PIV rating is common, and 
the figures offered here permit a com- 
parison between application and rating 
which is not inconsistent with that which 
could be made on the interpretation of 
current ratings.) However, while ex- 
perience in transistor circuit design in- 
dicates that use of PIV rating “to the 
hilt” is reasonably safe, the experience 
with regard to current ratings is not the 
same, 

Contrary to the popular impression, 


semiconductor devices do not possess | 


indefinite life and it has been proven 
necessary to operate transistors and 
rectifiers well below maximum current 
ratings in the particular circuit ap- 
plication if long life is to be assured. 

In the application of the S.C.R. one 
must therefore expect a correspondence 
to exist between conservative dimmer 
rating and longevity. What this cor- 
respondence will be and what the aver- 
age lifetime of dimmers of a given rating 
will be, however, can only be deter- 
mined from experience. 

To summarize this discussion of the 
ratings and protection of the S.C.R. as 
it is being used in lighting control, one 
must make some comparisons between 
the S.C.R. and the other devices being 
used as dimmers. These other devices 
are: 

(1) the variable autotransformer dim- 
mer, 

(2) the output saturable reactor and 
blocking rectifier components of the 
magnetic amplifier dimmer, and 

(3) the thyratron tube. 

The first two devices have been widely 
used for years with failures virtually 
unheard of. A “surge current rating” 
is totally without significance, and the 
voltage rating of no concern to the pro- 
tection of the device. Because both of 
these devices have been designed to 
achieve specific load capacities by engi- 
neers using the time-tested conservative 
practices of the transformer industry 
they have proven quite capable of 
handling full-rated load with prac- 
tically no failures. 

The thyratron has had a good history 
of reliability but is definitely a device 
which must be periodically replaced. 
Enough experience has been recorded 
on thyratron dimmer usage to allow an 
estimation of the average lifetime of these 
tubes. In a typical theatrical system 
where all the tubes are energized but 
not necessarily connected to any spe- 
cific load for the recorded period of time, 
it is reasonable to expect an average 
lifetime of 10,000 hours. It is further- 
more established that the period of time 
with the highest rate of tube failures will 
be the first 1000 hours of operation, 
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during which the manufacturer’s war- 
ranty is effective. 

The thyratron has ratings which 
are analogous to those of the S.C.R. 
The Cl6J Thyratron (made by Elec- 
trons, Inc., and to which these life- 
time estimates apply) has been in use 
for several years in a_ back-to-back 
circuit as a 4-kw or 5-kw dimmer. 
Table I will permit a comparison be- 
tween the significant ratings of the C35B 
X510 S.C.R. and the C16J Thyratron, 
both devices being operated in a 4- 
kw back-to-back dimmer circuit. The 
third column in the table contains the 
conditions imposed upon the two dimmer 
circuits by a 4-kw incandescent load. 

With one exception the data for 
Table I can be read directly from the 
manufacturer’s data sheets. The as- 
sumptions of 120-v input for the 
S.C.R. dimmer and 150-v input for the 
thyratron dimmer are consistent with 
present industry practice. The maximum 
direct current that the 4-kw load will 
draw through either of the two devices 
can be given with slightly more precision 
but nothing will be proven thereby. 
It should also be clear that the back-to- 
back circuit uses two devices (either 
S.C.R. or thyratron) and that the values 
given are for one of the pair. While the 
circuit itself passes alternate current, 
each of the devices passes current in 
only one direction. 

It is evident from examining Table I 
that the S.C.R. is being used to its ul- 
timate on every count while the thyra- 
tron is “loafing” on every rating except 
the first. On the assumption that the 
semiconductor device is inherently more 
long-lived than the gas discharge tube, 
one may discount this comparison to 
some extent, but until substantial ex- 


Table I. Relative Stress on Thyratron 
and Silicon Controlled Rectifier by a 4-kw 
Incandescent Load. 


Ratings Stress from 


Thyra- 4-kw incand. 
Item tron S.C.R. load 


Max. rated d-c, 16 16 «616 
amp. 

PIV, volts . . . 1250 200 212 for tube 

170 for S.C.R. 

610 for tube 

490 for S.C.R. 


8 to 45* 


Peak surge cur- 1000 
rent, amp 

Max. duration of 100 
surge, msec 

61 for tube 

49 for S.C.R. 


Recurrent peak 160 
value of cur- 
rent, amp 

Max. ambient 


167 
temperature, F° { 


* The value of the surge diminishes after the first 
half-cycle (8 msec) but is very substantial for at 
least 2 or 3 cycles. It will generally take at least 10 
cycles to diminish to approximately 110% of the 
steady state current. 

} The data sheet for the S.C.R. does not give this 
figure directly. It is the author’s estimate based 
upon the dimmer passing the full current of a 
4-kw load. This estimate may be high. 
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perience has been recorded, compari- 
sons such as this one are the only 
available guide to predicting the life of 
the S.C.R. dimmer. 


“Infinite Preset” Systems 


The questions that arise in evaluating 
“infinite preset’? systems are of a totally 
different sort from those that arise in 
connection with the S.C.R. as a dimmer 
component. Whereas the dimmer is 
basically a small device using a new and 
essential component whose reliability 
has not yet been proven by experience, 
the “infinite preset’ control console 
used to control a group of these dimmers 
is essentially a system whose principal 
components have probably been used 
for many years and are well established. 
So long as the particular infinite preset 
control console being evaluated utilizes 
these established components, the prin- 
cipal questions of reliability have to do 
with system design. While there are 
many possible ways to use data-process- 
ing equipment and techniques in in- 
finite preset systems, the method of in- 
terest in this discussion is the use of 
standard punched-card equipment for 
the recording and _ reproduction of 
lighting cues. 

The essential functional elements of a 
punched-card infinite preset control 
system may be listed as follows: 

(1) an individual rehearsal control for 
each dimmer ; 

(2) a means for translating the setting 
of each of the individual rehearsal con- 
trols into a punched-card code ; 

(3) a card punch which will insert 
the coded dimmer setting information 
onto a specific area of the card reserved 
for each dimmer; 

(4) a card reader which can scan 
the card and distribute the coded dim- 
mer intensity information to an individ- 
ual memory device for each dimmer; 
and 

(5) a pair of memory devices for each 
dimmer, either of which can accept the 
punched-card code and translate it 
back into a dimmer intensity setting. 
(Provision of a pair of these devices is 
essential, as normal operation requires 
setting up the next cue on one device 
while the other is being used for the 
current cue.) 

The operation of a system utilizing 
these functional elements consists of a 
series of steps whose correspondence to 
this list should be clear without state- 
ment. Use of punched-card equipment 
results in certain features which are 
highly desirable in that they permit fast 
and reliable operation of the system. 
They are: 

(1) the ability to record a large num- 
ber of rehearsal contro] settings onto 
the punched card; 

(2) the ability of both card punch and 
card reader to advance cards automati- 
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cally through their respective mecha- 
nisms without handling; 

(3) the ability to duplicate or modify 
complete cards in a very few seconds; 

(4) the ability to shift from one cue to 
the next in a very few seconds; 

(5) The inherent capability for the 
automatic checking of errors made by 
either machine or operator ; and 

(6) the inherent capability designed 
into the system for recording informa- 
tion with any specified degree of accu- 
racy. 

While these two lists have been written 
specifically to describe a system using 
punched-card equipment, it should be 
clear that they are easily modified to 
cover any type of “infinite preset” sys- 
tem. In the discussion which follows re- 
lating to punched-card equipment, no 
principles have been used which are not 
generally applicable to any type of equip- 
ment; therefore, while this discussion 
is concerned with the use of punched- 
card equipment, it should contribute 
to an understanding of the use of other 
equipment in infinite preset control 
systems. 

The basic justification for developing 
infinite preset equipment is to simplify 
the task of controlling very large light- 
ing systems whose use involves many 
lighting cues. It is, therefore, logical 
that the mere ability to put a lighting 
cue on a card is insufficient if the way 
in which this must be done is laborious, 
time-consuming and error-prone. To 
avoid this self-defeating combination, 
it is essential to establish minimum per- 
formance standards for infinite preset 
systems regardless of how constructed. 
The list of six advantages previously 
mentioned as resulting from the use of 
punched-card equipment should con- 
tribute to such a set of minimum stand- 
ards. 

The first four items in the list describe 
abilities which are based mainly upon 
lighting control system requirements. 
These abilities are readily demonstrable 
in specific equipment. The last two 
items, however, are essentially con- 
cerned with performance definition and 
reliability, and require further explana- 
tion. 

There is a specific inverse relationship 
between the amount of information that 
may be punched on a card and the de- 
gree of accuracy with which it may be 
expressed. This relation further depends 
on the capacity of the card, the code 
which is used, and the degree of error 
checking required. 

Every step in dimmer intensity to be 
recorded must be represented by a 
specific pattern of holes on the card. 
If we allocate an area containing a 
specific number of hole positions on the 
card to each dimmer, then the number of 
intensity steps we may record will de- 
pend on the number of possible hole 
combinations that may be punched in 


that area according to a set of rules nor- 

mally called the ‘‘punched-card code.” 
Both Remington Rand and IBM man- 

ufacture punched-card equipment which 


may be used in this application. The. 


Remington Rand card contains 90 
columns, each of which may be used to 
record the intensity of a dimmer. 
Each column has six hole positions 
(or rows). The standard IBM card con- 
tains 80 columns, each of which may 
be used to record the intensity of a dim- 
mer. Each column has 12 rows. Both of 
these card systems have a standard code 
which is capable of representing the 
letters of the alphabet, the digits 0 
through 9 and some miscellaneous char- 
acters all within one column. 

If we adapt either of these two stand- 
ard business machine codes to the rep- 
resentation of lighting intensity, then 
use of all the “digits” and “letters” 
allows a 36-position intensity scale. 
The IBM code has an important virtue 
in that the punching pattern can be 
readily interpreted by visual inspection. 
This is a valuable property because the 
operator should be able to determine 
quickly if he has correctly recorded the 
lighting cue on the card. This is also 
true of the Remington Rand code but 
with less convenience. 

Another code which may be used with 
either type of equipment is the binary 
code. This code is very efficient and, in 
this application, offers the best combina- 
tion of card utilization, number of in- 
tensity steps per dimmer, and _self- 
checking capability. The binary code 
punching can be read directly, but with 
less convenience than the standard IBM 
code. 

The binary code utilizes all the pos- 
sible combinations of hole punching in a 
specified number of hole positions. 
Each combination of holes signifies an 
intensity setting. A very simple relation 
exists between the number of hole posi- 
tions and the scale sensitivity. Here are 
three significant sets of values: 


Number of Scale 
Hole Sensitivity, 
Positions Steps 
4 16 
5 32 
6 64 


The choice of the 5-position code with 
a 32-step scale is practical in the light 
of present theatrical practice. 

We can now compare some of the pos- 
sibilities for card utilization in the 
different codes: 


7 of Code No. of Scale 
Card Dimmers Sensitivity 
IBM Std. IBM 12-row 80 36 pos. 
IBM 5-pos. binary 160* 32 pos. 
R.R. Std. R.R. 6-row 36 pos. 
R.R. 5-pos. binary 90 32 pos. 


* Obtained by splitting the card into two 6-row 
fields, 


This table shows the maximum pos- 
sible capacity of the various card-code 
combinations but other considerations 
will serve to reduce this capacity. Scene 
and sequence identification information 
require space, and checking the accuracy 
of information punched on the card also 
requires additional space. 

The use of error-checking techniques 
is firmly founded in the data processing 
industry. It is an accepted fact that 
errors will occur: the questions are as to 
probability of an error, its consequences, 
and what practical means may be used 
to detect and correct errors. The re- 
quirements for error checking in a light- 
ing control application are in one im- 
portant sense more stringent than the 
requirements for error checking in an 
accounting application: a failure is un- 
recoverable by subsequent checks. 
Whereas an accounting machine error 
can usually be picked up by any one of 
a number of double-checking procedures, 
an incorrectly executed lighting cue 
instantly damages the performance. 
It is therefore desirable to have error- 
checking techniques which will report 
the presence of an error to the operator 
in time to permit corrective action prior 
to the execution of the cue. 

Some of the possible errors that may 
occur during operation of punched- 
card infinite preset equipment are: 
(a) card punched improperly; (b) card 
read incorrectly; (c) cards placed in 
wrong sequence (operator error), and 
(d) card jam in reader. 

Punching and reading errors usually 
are random and caused by dust on con- 
tacts, sticky pins, or an undetected 
failure in the control circuitry. Card 
jams are usually attributable to damaged 
or over-sized cards, or dirt accumula- 
tion in the transport mechanism. 

A program of error-control for in- 
finite preset systems should give con- 
sideration to use of the following list 
of design techniques and operating pro- 
cedures, all of which are based on es- 
tablished usage in data-processing sys- 
tems. 

(1) Use of an error-checking code for 
dimmer intensity recording. This re- 
quires use of an additional hole position 
which is punched, if necessary, to assure 
that the number of holes punched to 
represent each dimmer intensity setting 
is always an even number. This even 
count is checked in the reader and any 
error immediately signalled to the opera- 
tor. (This technique may be readily 
applied to the 5-position binary code on 
either IBM or Remington Rand cards 
as the sixth hole position is available 
without sacrificing dimmer setting ca- 
pacity.) 

(2) The operator should be able to 
verify the accuracy of punching each 
card. If time permits, this may be done 
by visual examination. If time is im- 
portant, then the system should be 


Levy: New Technology in Lighting Control Equipment 255 


ae’ 
& a 
7 
= 


capable of performing this verification 
automatically in a very few seconds. 

(3) Once the sequence of cues is de- 
termined, each card should be punched 
with a sequence indicating number. 
When each card is read, this number 
should be presented to the operator so 
that he knows that the cards are actually 
being fed in the correct order. 

(4) Operators should use the greatest 
care in handling cards because physical 
damage can easily jam equipment. 

(5) A manually operated 2-scene 


standby console should be an integral 
part of the system. This is a very in- 
expensive safeguard against a system 
breakdown during a performance. 

(6) Special attention to the cleanliness 
and maintenance of the equipment is 
essential. 


A Wide-Band Television 
Switching System 


If the basic operation of the system is 
to set the next cue ihto the inactive mem- 
ory device for each dimmer immediately 
after energizing the current cue, then 


the operator will have a few minutes 


to locate any reported error and decide 
whether he can clear it and proceed 
with the infinite preset equipment or 
whether he must transfer control to 
the standby console. 

These comments on infinite preset 
systems may be summarized by stating 
that what has been attempted here is a 
description of an idealized system. This 
description has included a definition 
of the basic functional elements, a 
list of essential features, an explanation 
of the system’s data-handling capacity, 
and a statement of the basic techniques 
for error control and safe operation. 


It is hoped that this ideal picture will 
be useful in evaluating the relative merits 
of actual systems. It should not, however, 
be assumed that any actual effort which 
does not meet all these standards is 
unsuccessful, as one must always con- 
sider the value of a good compromise 
between ideals and economy. 


Conclusion 


In concluding this paper, it is necessary 
to observe that many questions have 
been raised either directly or by implica- 
tion, but few answers have been offered. 
In any effort to establish standards it is 
first necessary to define what is to be 
questioned and this is substantially what 
this paper has attempted to do. 


A wide-band television switching system has been produced by using standard 
techniques but incorporating a distribution amplifier that was designed to be used 
as both an input and an output amplifier capable of a bandwidth of more than 17 
me. The requirements also necessitated the design of a small, very low-capacity 
relay which is an integral part of the overall system. 


GENERAL SPECIFICATIONS of the 
wide-band TV switching system that is 
described herein required that the neces- 
sary amplifiers, relays, control circuitry, 
power supplies and other parts be con- 
tained in relay racks. All video switching 
was to be done by relays that were re- 
motely controlled from the control 
panels. The basic principle of control in 
the switching system was to be different 
from the standard TV studio methods. 
Each input of the switcher was to be asso- 
ciated with a separate control panel, that 
is, all the outputs were to be available 
by means of pushbuttons on each of the 
control panels. But it was specified that 
the electrical interlocking of the control 
panels should allow one control panel 
to ‘take away”’ the input signal from any 
other control panel. A tally lighting 
system was also to be associated with each 
pushbutton. When any pushbutton on 
any control panel was pushed, its tally 
light was to go on, telling the opera- 
tor that he now had command of that 
input signal. An additional request was 
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to make it possible to connect all outputs 
to any one input without degradation 
beyond that given in the electrical speci- 
fication. 


Electrical Specifications 

The electrical specifications called for 
were as follows: 

(a) The switching system shall accom- 
modate input levels of 1 v and provide 
an output signal of 1 v. 

(b) The bandwidth of the switching 
system shall be flat to within 1.5 db to 
17 me. 

(c) Gain of the overall system shall be 
adjustable at least over the range of 0.8 
to 1.2. ‘ 

(d) Differential gain at an output level 
of 1 v shall be less than 10%. 

(e) Crosstalk between signals shall be 
at least 35 db down at 17 me and de- 
creasing with frequency at the rate of 
6 db/octave to at least 60 db down at 
frequencies below 1.0 mc. 

Other specifications of signal imped- 
ance, switching transients, switching 
time, power source, etc., were also given. 


Design of Relays 


The first design problem encountered 
was the search for a low-capacity relay 
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with which to do the video switching. 
Many relays were investigated but none 
met the requirements of extremely low 
capacity, small size, construction ap- 
proaching military standards, tally con- 
tacts, etc. Finally a relay was evolved with 
the help of Lionel B. Cornwell of the 
Magnadyne Corp. This relay was 13 in. 
wide by 2 in. long by 13 in. high. The 
total capacity to ground of the form-C 
video contact with all the form-C con- 
tacts tied together was 1.75 uuf. The 
capacity across the open contacts was 0.8 
puuf. Two form-C contacts for tally cir- 
cuitry were also mounted on the relay. 
Using this relay as the basis for the video 
switching function, the design of the over- 
all system was begun. 

As shown in Fig. 1, the switching sys- 
tem was divided into the following sec- 
tions: the input amplifier, the relay 
switching system with the input bus, the 
preamplifier and output bus, and the out- 
put amplifier. 

It was decided that for ease of main- 
tenance, the input and output amplifiers 
should be plug-in, and if possible, 
identical except for alignment. Any differ- 
ences between them such as the output 
impedance networks should be con- 
tained within the housing of the input 
and output amplifiers. 


Crosstalk 

Another design problem the 
ground or chassis crosstalk problem. 
With the necessity of using low-imped- 
ance terminations for most of the cabling 
within the switcher, any relatively 
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high-resistance ground connections or 
long ground returns would have to be 
eliminated. This was accomplished 
through the use of insulated coaxial con- 
nectors, that is, insulated from each 
other with separate ground returns for 
each low-impedance cable or bus. This 
technique was also used in the construc- 
tion of the input and output amplifiers. 
Crosstalk of these amplifiers even at 17 
mc was better than 55 to 60 db down and 
was not measurable below 8 mc. 


Amplifier Stages 


As shown in Fig. 2, the in- and output 
amplifiers consist of three stages: a series 
compensated pentode amplifier which is 
d-c coupled to a triode cathode follower, 
and a hybrid or bootstrap dual triode as 
the output amplifier. Overall feedback 
from the output amplifier back to the 
cathode of the pentode amplifier through 
a parallel network of fixed resistance and 
variable capacitance provides for very 
low output impedance, very good fre- 
quency response and good linearity. 
The high- and mid-frequency responses 
of this amplifier are controlled by the 
series compensation coil in the plate 
circuit of the pentode amplifier and the 
variable capacity in the feedback net- 
work. The gain of the amplifier when it 
is plugged into the input housing is 2.75. 
When it is plugged into the output 
housing, the gain is 2.2. 

Precision resistors are used in both the 
plate circuit of the pentode amplifier and 
in the feedback and cathode circuit of the 
pentode amplifier. This was done to en- 
hance the gain stability of the amplifier. 

The preamplifier uses a dual triode as 
a cascaded amplifier. Series peaking in 
the plate circuit of the first triode and 
overall feedback contribute to make a 
very wide-band linear amplifier. The 
gain in this stage is approximately 3. 


Video Distribution System 


The video distribution system within 
the relay area makes use of an input 
and output bus of a ,;%-in. by ;%-in. 
aluminum bar of the correct length, 
and a compensated precision resistance 
and a capacitance divider. 

With an operate-and-release time of the 
video relays of 7-9 msec and of the hold- 
ing relays, 3-4 msec, the overlap switch- 
ing time is approximately 3.5 msec. 
The crosstalk as a function of the 
mechanical overlap is more than 46 db 
down, so that there is no noticeable 
effect on any input signal when another 
output bus is connected to it. 


Switching System Operation 
Operation of the switching system 
may be explained by means of a simpli- 
fied drawing of one of the 14 input by 20 
output switchers as shown in Fig. 1. 
With a video signal of 1 v at the input 
of the input switcher amplifier and no 
relays energized except the holding relay 
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Fig. 1. Block diagram of switcher including pushbutton arrangement for operation 


of the system. 
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Fig. 2. Detail drawing of the input and output amplifier and the 


preamplifier. 


KA, pushbutton 2 is pushed. Voltage 
is simultaneously applied to K2 through 
XL22 and KA through XL23 with KA 
and then K2 operating. When push- 
button 2 is released, KA releases, thereby 
energizing the relay hold bus. Since KA 
releases much faster than K2, the hold- 
ing contacts through XL21 and the 
energized relay hold bus keep K2 
operating. When pushbutton 1 is pushed, 
KA and then K1 operate. With KA 
energized, there is no voltage on the re- 
lay hold bus and relay K2 releases. 
When pushbutton 1 is released, KA re- 


A Wide-Band Television Switching System 


leases and energizes the relay hold bus, 
and through XL11, K1 stays in its ‘‘op- 
erate”’ position. 

The diodes XL11, XL21, etc., are 
silicon diodes used to prevent any feed- 
back of hold voltage from one relay to 
another. The diodes XL12, XL13, 
XL22, XL23, etc., are used for the same 
purpose, i.e., to prevent the operation of 
any relay other than the selected one. 

The two form-C contacts were used 
on each pushbutton for reliability pur- 
poses. Should one contact fail to operate 
the other is still available. 
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Switcher Mounting 


Figure 3 shows the detailed layout of 
one of the switchers. The output ampli- 


fiers are mounted on top and across the 
switcher rack. Below that is the relay 
switching system. The input buses are 
mounted on the front of the chassis and 
the relays and output buses are on the 
back. The compensated divider networks 
are mounted on the input buses with the 
take-off lead going through the chassis 
to the relays. This method of construc- 
tion helps reduce the crosstalk figure by 
a considerable degree. 

The preamplifiers are mounted in 
approximately the center of the output 
buses. This helps to reduce the inductive 
effect of the long output buses. This same 
technique is used on the input buses 
where the input coaxial cables from the 
output of the input amplifiers connects 
to the input buses. 

Below the relays are the input ampli- 
fiers. The power supply and power 
control section with the forced-air cooling 
system is split into two sections. 


Performance of Switcher 


The specifications listed near the be- 
ginning of this paper were met in per- 
formance as follows: 

(a) The switching system is capable of 
accommodating an input of 5 v peak-to- 
peak and provides an output signal of up 
to 2} v peak-to-peak with a negligible 
amount of distortion on a sine-wave 
signal. 
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(b) The bandwidth is flat to within 
+1 db to 17 me. 

(c) The gain of the overall system is 
adjustable from 0.1 to approximately 
2.0. 

(d) Differential gain at an output level 
of 1 v is approximately 5%. 

(e) Crosstalk between signals is over 
40 db down at 17 mc and decreases with 
frequency at a rate of better than 6 db/- 
octave. Below 1.0 mc, the crosstalk is 
better than 60 db down. 

All other specifications, such as signal 
impedance, switching transients (down 
to a negligible level), switching time, 
power source, etc., were also met. 


Semiconductor Switchers 


Other systems of video switching have 
been evolved since the original relay 
switcher was designed and developed 
by Tarc Electronics, which now has a 
number of 10-mc semiconductor video 
switchers in the field. Experiments have 
shown that through the use of a semi- 
conductor as the switching element, a 
pair of germanium diodes which are 
biased off or on and thereby letting a 
video signal go through, an excellent 
very wide-band switcher may be designed 
which requires no relays and which gives 
a decrease in volume amounting to at 
least 4:1. Bandwidths of 20-25 me are 
easily obtainable. 
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An Automatic Sensitivity Control 


for Monochrome Film Cameras 


The problem of accommodating unpredictable variations in average density of 
films and slides used in TV programing has spurred interest in devices for auto- 


matic control of signal levels from vidicon camera chains. 


A practical device pro- 


vides control over a wide range of densities, with the particular advantage that the 
method of injecting control avoids introduction of “bounce” into the video signal. 


__ vidicon film cameras were first 
introduced for broadcast use in 1953! 
they have gained wide acceptance in 
the United States and in many foreign 
stations. The vidicon characteristics 
of freedom from variable shading and 
excellent signal-to-noise ratio have be- 
come relatively commonplace and have 
been mainly responsible for the im- 
proved quality of motion pictures re- 
produced in television systems. The 
vidicon camera development may also 
be responsible for the increased emphasis 
on motion-picture films for television 
programing during the past five years. 

One of the concepts introduced with 
the vidicon system was that of constant 
quality of performance. For example, 
by varying the light output from the 
projector, the same peak-to-peak video 
signal can be produced by the vidicon 
camera tube even though the highlight 
transmission of the film varies over 
wide limits. Thus the same high signal- 
to-noise ratio can always be obtained, 
regardless of film density. 

Up to this time the operating param- 
eters of the vidicon have been fixed 
and the highlight illumination on the 
vidicon faceplate was kept constant by 
the use of a tapered neutral density 
disk between the incandescent light 
source and the film gate. Thus if film 
density increased, the neutral density 
disk was rotated to transmit more light 
from the source to the film. This was 
not possible with the old iconoscope 
cameras since the necessary light reserve 
did not exist. Another method of ob- 
taining constant quality of performance 
by entirely electronic means, varying the 
vidicon operating parameters, will be 
discussed later. 

The concept of constant performance 
was preceded by a naive period in 
which we had hopes that film for tele- 
vision would he held to tight tolerances 
having a highlight density of 0.3 and a 
lowlight density of 1.8. However, we 
were rapidly brought by the broad- 
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casters to a realization that film for 
television often departs from these ideal 
figures. In fact, a typical sampling 
indicated that the highlight transmission 
of film which was expected to perform 
in broadcast television ranged from 80% 
transmission to 3% transmission, de- 
pending on the type of material used. 
It was realistic to say that any film 
which was available anywhere in the 
stock pile would be run through a 
television system without regard to its 
characteristics, and would be called on 
to produce “‘acceptable”’ pictures. 

After a series of tests it was found 
that the most elegant method of light 
control was that of using a _neutral- 
density filter light-control interposed 
between the projector lamp and the 
film gate. Then, it was the duty of the 
video operator to adjust the amount of 
light reaching the film so as to main- 
tain constant highlight illumination on the 
face of the vidicon tube and thus obtain 
the usual 1-volt video signal level under 
all conditions of film density. The light 
control range of 100 to 1 actually took 
care of even the most violent variations in 
film highlight transmission character- 
istics. 

It is apparent that neutral-density 
disk control depends entirely on the 
diligence of the operator whose reaction 
time and attentiveness determine the 
quality of the final picture. Perhaps one 
of the most difficult transitions to handle 
is that from extremely dense film to a 
splice of extremely thin film. In this 
case, the amount of light which goes 
through thin film is sufficient to over- 
expose the vidicon to the extent that 
all information in highlights is completely 
washed out. Only by dropping the light 
intensity can the video operator regain 
control. His reaction time, assuming he 
is at all alert, is of the order of one or 
two-tenths of a second. This is small 
compared to the factors which really 
limit the system reaction time, the 
inertia of the disk and the drive motor. 
These, rather than the human factor, 
set a minimum limit which may ap- 
proach a second of time for wide, sudden 
density variations in the film. 

Even in the early stages of develop- 
ment it was known that the effective 
sensitivity of the vidicon varies directly 
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as a power (more than square) of the 
target voltage. In fact, the first experi- 
mental cameras delivered to the broad- 
casters used manual target control as a 
method of providing constant signal 
output and constant signal-to-noise ratio. 
Since that time, equipment has come 
into use which provides automatic 
target control. The method for carrying 
this out is quite straightforward. It 
consists of sampling the peak-to-peak 
video voltage with conventional detec- 
tors, passing the resultant voltage 
through a d-c amplifier which, in turn, 
varies the target voltage at the base of 
the load resistor in such a direction as to 
maintain constant video output against 
variations in film density. It is important 
to point out that only since the develop- 
ment of the RCA 7038 vidicon®* has it 
been possible to vary the target voltage 
over wide limits to control the effective 
sensitivity without introducing “‘port- 
hole” or landing errors. 

One of the difficulties of this scheme is 
that the target correction voltage can be 
considered as a low-frequency video 
signal which is introduced at the base 
of the load resistor. Thus, any transients 
associated with target voltage change 
are fed directly into the feedback loop 
through the video amplifier, causing 
this loop to tend to oscillate. This, in 
turn, shows up as rather severe “‘bounce”’ 
transitions between scenes. The condi- 
tion can be improved by lowering the 
loop gain or increasing the time constant 
of the system. Low loop gain restricts 
the range of operation and a longer 
attack time or time constant increases 
the system reaction time. Experience 
indicates that such a system can be 
made to operate satisfactorily if the 
target control range is limited to a 
maximum of 10 to 1 in transmission 
density and if the attack-time is no 
shorter than two-tenths of a second. 
Thus, if the film transitions are small 
and little control is required, the feed- 
back bounce is quite tolerable. For a 
large sudden transition the lost time may 
be as much as a second. However, the 
system is superior to a sleepy operator 
with normal reaction time. The general 
arrangements of such a circuit are shown 
in the block diagram (Fig. 1). 

The goal of a practical system is to 
take care of wide transitions in high- 
light density which can occur at a very 
rapid rate, as in switching slides through 
a still projector. Here, the actual show 
time of the slide may not exceed a 
few seconds, and the “‘lost-time” during 
the transition presents a very severe 
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Fig. 1. Conventional automatic target control. 


Fig. 3. Vidicon automatic sensitivity control unit. 


handicap, particularly in the transition 
from dense to very thin film material, 
since the original display of the new 
material is completely washed out and 
then recovers intelligibility as the system 
stabilizes. In order to improve on this, 
a different approach to the control of 
dynamic sensitivity of the vidicon was 
tried. A block diagram of this system is 
shown in Fig. 2. 

In this case, the target voltage is 
kept at a fixed potential, the video 
signal output of the tube is measured to 
find its peak-to-peak value, this direct 
current is passed through a d-c amplifier 
and now varies the potential of the 
cathode of the vidicon tube in accordance 
with the requirements of keeping output 
signal constant. In this way, there are no 
surges in the target circuit and the time- 
constant of the system can be made very 
short (less than 1/30 of a second) even 
with loop gains high enough to give 
100 to 1 range capability. 

In order that the target sensitivity 
can be controlled by this means (since 


the vidicon sensitivity is a function of 
the voltage between target and cathode), 
all of the other electrodes are fed from a 
regulated power supply which actually 


floats with respect to ground and is 


connected to the vidicon cathode. 

Even under the worst condition a 
transition from extremely dense to very 
light film (100 to 1) can be accommo- 
dated in less than a tenth of a second. 
The stability of the system is good 
there is no tendency to bounce or flutter. 
It is important to emphasize that any 
automatic device of this nature can 
never substitute for subjective judgment 
of an alert operator, especially in 
“trick” however, the system 
has the virtue of always being on hand 
control much 
casual operator. It 


scenes; 
and regaining more 
rapidly than a 
should also be pointed out that there is a 
perceptible shift in transfer charac- 
teristic when wide ranges of density are 
encountered. In general, when the film 
density variation does not exceed 5 to 1, 
the amount of gamma shift is not readily 
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Fig. 2. Improved automatic vidicon sensitivity control. 


perceptible to a trained operator. How- 
ever, when the range approaches 100 
to 1, then the transfer characteristic 
becomes steeper at higher target volt- 
ages. Since the transfer characteristics 
of abnormally dense film are far from 
ideal to begin with, this shift of gamma 
does not appear to be one which should 
cause great alarm. 

An automatic sensitivity control unit 
designed for use with TK-21 vidicon 
film chains is shown in Fig. 3. Such 
units are now available from current 
production. 
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Slow-Motion Recorder 


for Television Pictures 


An arrangement with a standard camera has been devised to televise sporting 
events having fast action and to broadcast these in slow motion, with very little 
delay. Successive fields, at 60/sec, are recorded as separate frames on 16mm film 
which is developed in a rapid processor, then broadcast as standard film. The 
speed ratio is 2.5 : 1, and the delay 1.5 min. A film storage allows 14 min of showing 


time (5.6 min original scene time). 


|e THE sports motion picture, the speed 
of the motion of the photographed body 
is reduced to about 1/2.5 by increasing 
the number of frames when the details 
of a very rapid action are to be shown. 
If a similar effect is to be obtained in 
television, it is desirable that the slow- 
action scene be shown less than one 
minute after the actual scene has been 
picked up and televised. The process 
requires recording the scene on some 
other medium. The easiest means of 
attaining this is by film recording. Since 
this process, which involves recording, 
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developing and reproducing the video 
signal relayed over the microwave link, 
can be executed at the broadcasting 
station, reduction of the time up to the 
reproduction would be comparatively 
easy. However, as the number of frames 
in film recording cannot be chosen as 
freely as in the case of a motion picture, 
a 60-frame/sec film is made by picking 
up every field per frame thereof. When 
this film is put through the conventional 
24-frame/sec reproduction, the speed of 
the motion can be reduced to 1/2.5, 
making it possible to show a continuous 
slow-action film just as in the case of a 
motion picture (Fig. 1). 

The video signals from the cameras in 
the field (image orthicon) are transmitted 
to the TV station by microwave link or 
coaxial cable. The video signals from the 


Film Storage 


60 Frames Aec 
Recorder 


Rapid Processor 


By H. HIWATASHI, E. MIO 
and T. KITAGAWA 


camera in the field are then displayed on 
the cathode-ray tube of the television 
recorder and the images are photo- 
graphed on 16mm film. The film is 
immediately processed by the rapid film 
processor and then televised by television 
projector and film pickup camera. The 
television recorder is operated at a rate 
of 60 frames/sec and the reproducing 
projector is operated at a rate of 24 
frames/sec. 


The Principle of the 60-Frame 
Recording Camera 


As it is not easy, from the engineering 
standpoint, to pull down the film at a 
vertical blanking interval, a continuous- 
motion camera is used here. The film is 
continuously fed at a constant speed of 
60 frames/sec. The arrangement is 
shown in Fig. 2. On the film aperture 
the vertical scan velocity is equal (with a 
normalizing factor equal to magnifica- 
tion) to that on the picture tube screen. 
On the film surface the scan velocity is 
equal to the sum of this and the film 
velocity. This gives the equation 
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Fig. 3. Relation between images on cathode-ray tube and on 


film. Film is supplied continuously with the speed of 60 frames /- 


sec. Note: h, vertical height of the image on cathode-ray tube; 


v, vertical height of the image on film. 
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where v = normalized scan velocity on film 
h = normalized scan velocity on 
picture tube screen 
¢ = normalized film velocity 


Travel of film during gs sec equals 1 
frame height. In these units ¢ = 1 and 
the other symbols give scanning travels 
in gg sec, or picture heights. Possible 
combinations are listed in Fig. 3. 

To make v = 1, it would be necessary 
to make h = 0. This means that the 
vertical scanning will have to be given 
up, and the phosphor screen would be 
damaged. Therefore, if A is made to 
equal —2, then v would equal —1. In 
other words, if the vertical scanning of 
the raster is reversed and v is doubled, an 
inverted picture of correct size can be 
obtained on the film (Fig. 3). If the ver- 
tical deflection of the film camera is 
reversed at the time of the film repro- 
duction, pictures obtained with this 
process return to correct position. 

Figure 4 shows a continuous-motion 
camera using a Fujinon F/2, f = 25mm 
lens and driven with a synchronous 
motor (3); hp) with a d-c field excita- 
tion. The film with the photographed 
pictures is directly fed into the rapid 
processor without winding it up. 

Figure 5 is a block diagram of the 


recording unit. The picture tube is 


Fig. 6. Film storage box. Capacity is 500 
ft, which makes it possible to use a 14- 
min reel, 
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Fig. 5. Block diagram of 60-frames /sec television recorder. 


1ONP11, with the ultor voltage of 25 kv, 
and the camera is driven with a 60-cycle 
power obtained from an_ electronic 
power source, locked with the vertically 
synchronizing pulse by AFC (automatic 
frequency control). The input video 
signal is 1.4 v peak-to-peak, and the 
input that flows into the picture tube 
after passing through the gamma correc- 
tor and the crispener is 30 v_peak-to- 
peak. Its bias voltage is —48 v. The 
film used is Fuji Film’s 16mm, low- 
contrast positive stock. 


Automatic Rapid Processing Equipment 


The film is fed into this equipment 
immediately after photographing. Since 
there is an accumulation of film due to 
the difference between the speed of the 


Fig. 7. The rapid proc- 
essor which has a total 
processing time of about 
60 sec. 
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film at the time of photographing and 
that of reproduction (0.9 ft/sec), a 
storage tank is provided at the end of the 
processor. The processing speed is 24 
frames/sec. The storage tank is capable 
of storing up to 500 ft of film. It is, 
therefore, possible to cut a 14-min reel of 
film (Fig. 6). 

The film passes through the developing 
bath, the fixing bath and the washing 
bath, after which it passes into the 
drying box. It is then reproduced with a 
TV projector. Sodium hydroxide is used 
as accelerator of the developer while 
ammonium thiosulfate is used in the 
fixing bath (Table I). Both the develop- 
ing and fixing operations are conducted 
at temperatures between 30 and 40 C. 
For fixing and washing, a jet spray 
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Table I. Film Processing Solutions. 


Developer 
A Solution 
Metol. 
Sodium Sulfite, anhydrous. . 
Hydroquinone. 

Potassium Bromide. < 
6-Nitrobenzimidazol 0. 
Water make to. ..1,000 


B Solution 
Caustic soda. . 
Water make to. 


100 
...1,000 ml 
Add B to A solution before use 
Fixer 
Ammonium 
Thiosulfate (1:4) 1,000 ml 
Sodium Sulfite, anhydrous. .. . 7g 
Acetic acid, glacial (28%)... .. 3 ml 
Sodium metaborate.......... 7g 
Potassium Alum... . 7g 


system has been adopted, while drying 
is done with the application of infrared 
rays. The time required for processing 
the entire film is about one minute, 
with 30 sec more for film passage between 
camera and reproducer (Fig. 7 and Table 
II). The sensitometric curves from this 
processing are shown in Fig. 8. 

The reproducer is a 2-3 intermittent 
TV projector with a vidicon-type camera. 
The overall horizontal limiting resolution 
is 500 lines. 


Letter to the Editor: 
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(Low Contrast Positive) 
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Fig. 8. Sensitometric curves of rapid processor. 


Table II. Processing Time, Sec. 
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Historical Note on Composite Production of Motion Pictures 


Referring to the SMPTE Journal 
for December 1959, the article on “Elec- 
tronic Composites in Modern Tele- 
vision,” does not seem to go back far 
enough to the source of devices designed 
to combine “‘rear-view” projected back- 
grounds and foreground images, with 
both in action. 

At the end of the article, under the 
heading of “Reference,” the earliest 
patent listed is June 16, 1936. 

May I call your attention to the fact 
that all inventions of this nature spring 
from my original patent applied for on 
April 3, 1925, which was granted on 
August 18, 1931. (These were non- 
electronic, but effective.) 

Please find herewith excerpts from 
this patent, to indicate its general 
nature. It is necessary to refer to the 
complete patent to grasp all the possi- 
bilities that are covered by it. 

To the best of my knowledge, my 
invention is the very first to be success- 
fully used to combine two distinctly 
separate images, to appear as a single 
picture with the combination (back- 


ground and foreground) in simultaneous 
action. 

I will greatly appreciate your kind- 
ness in publishing this information in 
the Journal. 
December 21, 1959 Max FLEISCHER 
666 West End Ave., 
New York 25, N. Y. 


Editorial Note: No editorial position 
can of course be taken on patent claims. 
The paper by Messrs. Kennedy and 
Gaskins purported to cover only elec- 
tronic processes for television. Mr. 
Fleischer’s material is, however, of 
possible historical interest. 


Excerpts from U. S. Patent 1,819,883, 
August 18, 1931, Method and Means for 
Producing Films, to Max Fleischer: 


“This invention relates to a process 
and apparatus for producing novelties in 
pictures and has for its object the pro- 
vision of a process for producing motion 
pictures on films or other media for 
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projection in which a particular figure 
may be shown in action or in repose at 
any point on a background. 

*“*A further object of the invention is the 
provision of a process for producing 
moving pictures in which a figure in 
action is supplied to a definite back- 
ground which is also in action and so 
coordinated that the composite pictures 
will form one continuous medium for 
projection. 

“Other objects include the provision 
of a device for photographing _pro- 
jected pictures and for photographing 


Correcting Lenses 


other pictures directly on the same 
film by reflected light, with means for 
operating the projecting apparatus at 
will and also for operating a shutter 
and an instrumentality for taking the 
photographs, with clutch mechanism con- 
trolling the driving of the film to be 
projected and the negative carried 
by the camera. 

“Claim 3 — The method of producing 
negatives for cinematography which 
comprises forming a_ projection film 
containing a plurality of frames and 
disclosing a series of pictures of a back- 


for Underwater Use 


Submarine photographs, generally taken through a plane window in the wall of 
the box holding the camera, compare unfavorably with those taken on land, even 
when wide-angle lenses are used, because of difficulties introduced by the flat 
window. A submarine lens attachment, consisting of lenses properly chosen and 
mounted to overcome these problems, is described. The proper powers and 
diameters of the lenses are discussed, together with corrections for chromatic 


aberration and astigmatism. 


Ris WAVES TRAVEL relatively badly 
in the sea, limiting the possibilities of 
submarine photography. The selective 
absorption of sunlight by water necessi- 
tates the use of large apertures and, 
especially for color photography, artificial 
lighting. Good artificial lighting is diffi- 
cult to realize, and even the best does not 
carry very far. The scattering of light is 
still more troublesome; the photog- 
rapher finds himself in a luminous mist 
which diminishes the shadows, cuts down 
the contrasts and veils the more distant 
surroundings. It is scarcely possible to 
diminish the effects of this scattering by 
the use of colored filters, for the scattering 
of light by sea water is in general very 
slightly selective. At present the only way 
to minimize its effects is to take the 
photograph or films as near the object 
as possible, using a camera lens of the 
shortest possible focal length. This not 
only gives a reasonable depth of field but 
requires only relatively feeble artificial 
lighting. The use of wide-field lenses for 


Presented on October 8, 1957, at the Society’s 
Convention in Philadelphia, by A. Ivanoff, 
Museum of Natural History, Paris, France; and 
Paul Cherney (who read the paper), Cinefot 
International Corp., 303 West 42 St., New York 
46. 

(This paper was first received on October 17, 
1957, and in revised form on February 12, 
1960.) 
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submarine photography or cinematog- 
raphy raises, however, a minor problem 
of optical instrumentation. 

Submarine photographs are generally 
taken through a plane window in the 
wall of a watertight box holding the 
camera (Fig. 1). This window acts as a 
plane surface of separation between the 
water outside and the air inside the box. 
Such a surface of separation makes the 
immerged objects appear nearer and 
larger in the ratio of the refractive index 
of water to that of air, i.e., approxi- 
mately 4:3. The camera lens has there- 
fore to be focused for 3/4 of the actual 
distance from the object and, what is 
much more serious, the field and depth 


ground involving moving elements in 
different poses, projecting frames of 
the projection film on a screen, masking 
the background as projected on the 
screen except the selected poses of the 
moving element, photographing selected 
poses on a sufficient number of raw 
stock frames of a negative for retaining 
a selected pose in suspended position, 
masking the selected poses and photo- 
graphing other frames in succession 
disclosing the sequence of the frames of 
the projection films.” [See Fig. 3, 
reproduced here from the patent. } 


By A. IVANOFF 
and PAUL CHERNEY 


of view are cut down. In particular, the 
camera behaves with respect to the field 
of view as if it had a lens of 4/3 times its 
actual focal length. To photograph an 
object of given dimensions, it is neces- 
sary therefore to take the photograph at 
a distance 4/3 times the distance used 
with the same camera in air, for example, 
at 4 instead of 3 m (meters). Even in the 
very clear waters of the Mediterranean, 
the radiance of the scattered light be- 
tween object and camera _ increases 
about 40% for an increase in distance 
from 3 to 4 m. Moreover, the difficulties 
of artificial lighting increase still more 
rapidly with increase in distance. 

It is possible to overcome in some de- 
gree the loss of field of view in submarine 
photography by using wide-angle lenses; 
these lenses give, through a plane win- 
dow, only the field of a normal lens in 
air. Therefore when this method is used, 
submarine photography, which demands 
the largest possible field of view, always 
compares unfavorably with normal 
photography on land. The aberrations 
produced by the flat window reduce, 
moreover, the quality of the image. The 


Fig. 1. A window (1) in a watertight box containing 
a camera lens (2) is placed in contact with the water. 
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This is the system that has 
been used in the prior art. 
Such a system comprises a 
water-to-air plane diopter 
which diminishes the field, 
in a ratio equal to the index 
n of refraction of the water, 
and introduces besides con- 
siderable aberrations at the 
periphery of the optical field. 
The field a’ of such a device 
is substantially equal to 
three-fourths of the field a 
of the camera lens. 
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Fig. 2. Correcting optical system to conserve full field of 


camera lens for submarine photography. 


chromatic aberration introduced by a 
flat window is perceptible at distances 
greater than 5 mm from the center of the 
film; astigmatism is noticeable for dis- 
tances less than 2 m using f/4, and for 
distances less than 5 m using f/2; and 
finally, distortion is noticeable when the 
field of view is greater than 60°. It is 
therefore desirable to replace the plane 
window by an optical system that does 
not introduce aberrations and that per- 
mits the taking of submarine photo- 
graphs with the full field of view of a 
wide-angle lens. 
Advantages of Two-Lens Attachment 
These results can be obtained by re- 
placing the plane window in front of the 
camera lens by a submarine lens attach- 
ment such as the Aquar. This attach- 
ment, which is mounted in a watertight 
manner into the wall of the box with its 
front surface in contact with the water, 
can be simply formed by two lenses 3 or 
4 cm apart and chosen so that: 


(1) Immerged objects do not suffer 
any apparent magnification, and the full 
angular field of the camera lens can be 
conserved for submarine photography 
(Fig. 2). 

(2) For submarine photographs at 
distances between 1.5 and 6 m the camera 
lens is focused for the real distance of the 
object, no correction being necessary 
(Fig. 3). 

(3) For a given camera lens with a 
given aperture, the depth of field ob- 
tained is about two times greater than 
that obtained through a plane window. 

(4) The aberrations remain impercepti- 
ble for an angular field which can attain 
80°, and for an aperture of the order of 


f/2. 


Experiment has shown that the center- 
ing of the submarine lens attachment 
need not be perfect, eccentricities of the 
order of several tenths of a millimeter 
being permissible. Likewise the distance 
from the lens attachment to the camera 
lens can vary by several millimeters 
without any noticeable deteriorations of 
the image. These allowances make the 
use of the submarine lens attachment 
much easier and permit it to be made an 
integral part of the watertight box, the 
camera remaining movable. To mount 


Ivanoff and Cherney: 


Fig. 3. Same correcting optical system as shown in Fig. 2, comprised 
of two lenses, (1, 1’), placed in front of the camera lens (2). Such a sys- 


tem provides a virtual image which acts as an object for the camera 


lens, and this image is superposed upon the immerged object. 


Aquar correction lenses, the rear surface 
of its rear element should be as close as 
possible to the camera lens when the 
camera lens is set for its shortest range. 
It is also possible to make the lens attach- 
ment part of the camera lens assembly, 
the whole forming a special camera lens 
for submarine photography. 

In summarizing the features of the 
Aquar correction lenses (Table I), it may 
be said that the advantages outlined 
above can be obtained by means of an 
optical system comprising only two 
lenses, the first constituting the porthole 
or window. 


Determination of Powers of Lenses 


In order to determine the powers of 
the two lenses, a basic equation is em- 
ployed whereby the principal planes of 
the optical system are both coincident 
with the object plane. The following 
result is thus obtained: 


D, diopters = — 


—D, 


D» diopters = 


where n is the index of refraction of water, 
e is the distance from the principal 
image point of the first lens to the prin- 
cipal object point of the second lens, and 
p is the distance from the principal object 
point of the first lens to the object plane. 
The ratio ¢/p being small, the optical 
system thus computed for a certain dis- 
tance p of the object remains quite 
satisfactory whatever the distance p may 
be. 

Another way for the determination of 
he powers of the two lenses is to write 


Table I, Comparison of Focal Lengths and 
Angles of View, Uncorrected and 
Corrected With Aquar-Ivanoff Lens,* 
Underwater. 


Angle of view, 
Focal length, mm degree 
Uncor- Cor- Un- —Cor- 
rected corrected rected 


Film size, 
mm rected 


24 X 67 § 36 5 
24 xX 47 49.5 4 
24 X 60 5.4 


24 $3.3 39.5 
24 X : 40 
24 X 3 54 


24 X 2 $3.3 35 
24 xX 40 46 


18 X 2 33. 
18 X 25 
16 
(10.4. 7.5) 20 
5 
13 
* U.S. Pat. 273001 
pending. 


that the nodal image point of the 
first lens is at the principal object point 
of the second and that the power 
of this second lens is such that it gives 
of the intermediate image A’’B’’ a 
final virtual image A’B’ that is super- 
posed on the object AB (see Figure 4). 
Another feature of the invention thus 
appears clearly: it is sufficient to modify 
the power Dz of the second lens so that 
the final image A’B’ is formed at any 
desired distance while appearing very 
substantially under the same angle a’ 
as the object AB. The field of the camera 
lens will be preserved under these condi- 
tions without the virtual image provided 
by the optical system being superposed 
to the object. 


‘a 1’ 2 
° 


Fig. 4. Nodal image point of first lens (1) in correcting op- 
tical system is at the principal object point of second lens (1’). 
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Figs. 5A and B. Dimensions of two correcting optical systems from which excellent results have been obtained. 


Correction of Chromatic Aberration 

In order to correct the chromatic 
aberration of the optical system, it is 
suggested that an equation be written 
whereby the powers D, and D, of the 
two lenses constituting it are the same 
for the two rays C and F of the spectrum, 
for example. Thus one is led to cut out 
the first lens from a piece of glass mate- 
rial the dispersive power of which is 
nearly the same as that of the water, and 
the second from a piece of glass material 
having a very small dispersive power. 
It is of course possible, if necessary, to 
improve the correction of the chromatic 
aberration thus realized by replacing 
each one of the two elements of the sys- 
tem, or one of them, by a set of two 
joined elements having dispersive powers 
suitably chosen. 
Astigmatism Correction 


The astigmatism may be corrected 
either for the light rays not much in- 


clined on the system axis, or for the light 
rays making a certain angle with the 
axis — for example, an angle a/2 equal 
to half the field of the camera lens. In the 
first case, and for a distance mw of the 
second lens to the incoming pupil of 
the cameralenscomprised between 2 and 3 
cm, one may choose for the optical sys- 
tem two lenses substantially plane 
spherical, the two spherical faces set 
toward each other (Figs. 5A and B). 
As suggested for the chromatic aberra- 
tion, it is of course possible to improve 
the correction of the astigmatism by in- 
creasing the number of elements. It is 
also possible, if necessary, to correct other 
aberrations in this way. 
Diameter of Lenses 

Finally, the diameter of the two lenses 
constituting the optical system is dimen- 
sioned so as not to limit the field a of the 


camera lens. The diameter of the second 
lens must be greater than E + 22tga (x 
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being, as above, the distance from the 
second lens to the incoming pupil of the 
camera lens, the pupil being of diameter 
E), whereas the diameter of the first 
lens must be equal to that of the second, 
multiplied by the ratio 


7 


where eé, as above, is the distance between 
the two lenses constituting the optical 
system, and 7’ is the distance between the 
second lens and the image of the incom- 
ing pupil of the camera lens through this 
lens. It is fitting, also, to take into ac- 
count the thicknesses of the lenses 
(mainly of the first, quite thick at the 
periphery). 

The Aquar lens system will be best 
understood by referring to Figs. 1-5. 
Figures 5A and B depict systems which 
have proven very satisfactory. 
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Mobility in Underwater 


Cinematography 


Use of the conventional submarine in underwater photography is impractical for 
many reasons, such as monstrous size, poor maneuverability, relative fragility and 
high cost in money and manpower. The Pegase is a miniature submarine designed 
to overcome these disadvantages. It is easily controlled by one man from within or 
without and it can move in the water as easily as a fish, or a swimming diver. 


‘ke IMPORTANCE of human presence 
and operation facilities in underwater 
cinematography is obvious. Because the 
human eye is woefully inadequate to 
record phenomena in water, the motion- 
picture camera has come to be regarded 
as a predominant factor in any kind of 
underwater exploration, and in industrial 
and military operations. 

Cold, exhaustion and the dangerous 
pressure beyond certain depths are 
among the factors limiting even the most 
experienced underwater photographers 
using only diving equipment. If the 
photographer works from a conventional 
submarine or special craft, such as the 
Piccard Bathyscope, he is again limited 
by the size of the craft and the lack of 
maneuverability. Most of these limita- 
tions have been overcome in the design 
of the Pegase (Figs. 1, 2, and 3), a minia- 
ture submarine that, like a mechanical 
sea horse, can be easily maneuvered by 
its rider and at the same time can pro- 
tect him from the terrors of the deep that 
beset the lone diver. 


Presented on October 8, 1957, at the Society’s 
Convention in Philadelphia by Dimitri I. 
Rebikoff, Submarine Research Institute, Cannes, 
France, and Paul Cherney (who read the paper), 
Cinefot International Corp., 303 W. 42 St., 
New York 36. An earlier paper by the author, 
Dimitri I. Rebikoff, was published in Jour. 
SMPTE, 68: 55-60, Aug. 1954, under the title, 
“Underwater Color Cinematography.” 

(This paper first received on October 17, 1957, 
and in revised form on July 23, 1959.) 


Fig. 1. The miniature submarine is fully equipped for underwater 


motion-picture photography. 


Experience gained in the development, 
testing and operation of this torpedo-like 
submarine, which can be used from the 
shore, launched from a small boat or from 
the torpedo tubes of a large submarine, 
has brought about the concept of various 
types of miniature submarines which can 
be efficiently used for many purposes. 


Characteristics and Equipment 


The standard Pegase is constructed of 
stainless, polished and specially treated 
duraluminum and it is entirely non- 
magnetic. Its approximate dimensions 
are: length, 8 ft; width, 31 in.; hull 
diameter, 8 in. It weighs about 120 
lb in the air and slightly less than 1 oz 
when submerged in water. The 1.5-hp 
engine has a speed of 2} knots, which is 
the maximum speed which an unpro- 
tected cinematographer can attain with- 
out losing his equipment. Certain proto- 
types of considerably higher speeds have 
been designed, but these units require 
the enclosure of the diver in the vehicle 
itself which, of course, requires propor- 
tionately greater hull diameter. Full 
speeds up to 8 knots or more are attain- 
able, with special equipment designed 
to accommodate the diver at this speed 
which is well above the human endurance 
limit. Nose diving as such has no other 
limits than the safety and endurance of 
the diver. The equipment itself is tested 
for approximate depth of 400 ft; its 
usable depth is 200 ft. 


By DIMITRI I. REBIKOFF 
and PAUL CHERNEY 


The model Pegase discussed here is 
piloted by means of a gear shift and 
compensation bar giving complete con- 
trol of compensated rudders. Through 
the use of one “‘joystick,”’ the bow and 
stern planes are simultaneously controlled 
to move not in parallel fashion as in the 
usual submarine but in reverse to each 
other through a lever or hydraulic equip- 
ment. Sideways motion of the joystick 
turns the left and right bow planes in 
opposite directions (Fig. 4), making it 
possible to control a roll even better 
than in an airplane. Sidewise control 
of the joystick combined with control 
of the vertical rudder with foot pedals 
makes very short turns with very steep 
banking easy and comfortable. 

The engine running time is only 
slightly curtailed by the use of lights 
when operating a motion-picture camera 
(Fig. 5). The normal lights consume 
50 amp while the motor consumes 40 
amp. An 80-amp set of batteries will 
give normal working cycles of 2 hr. If 
the lights run continually without the 
motor, the running time will be approxi- 
mately 1 hr 40 min. 

If lights and motor are used simul- 
taneously at 90 amp with the batteries 
running at 80 amp, this will result in 
approximately 50 min total motor run- 
ning and lighting time. On the other 
hand, since the lights are synchronized 
with the camera, using a 200-ft roll of 
film will result in a maximum running 
time of 6 min. The actual impact of 
the use of lights on the engine running 
time will be negligible. If desired, two 
2000-w searchlights can be installed; 
they consume 30 min of the running time 
when the motor is not being used. This 


Fig. 2. Thirty fathoms under the seas, the photographer 
rides Pegase at a speed of more than two knots (two nauti- 


cal miles per hour). 
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Fig. 3. Inventor Rebikoff demonstrates the maneuverability of 


the mechanical sea horse. 


is standard equipment for 35mm color 
motion pictures. 

The equipment of the Pegase I] of the 
type intended for professional camera- 
men includes a_ silver-zinc Yardney 
storage battery of 100 amp (about 50 
discharges), giving a running time of 2 hr 
45 min for the engine with no lights on. 

The standard instrument panel (Fig. 
6) has a compensating magnetic com- 
pass, a depth manometer, a_ chrono- 
graph and a warning signal in case of 
leakage. A more complete instrument 
panel, which may be made to order, 
resembles the instrument panel of an 
airplane. It enables precise navigation 
in muddy water, at night and in great 
It includes safety control of 
gyrocompass, gyroclinometer, transversal 
and longitudinal static clinometers, com- 
pensated magnetic compass, depth ma- 
nometer, and an instrument to count 


depths. 


rotations, in addition to the controls on 


the standard instrument panel. A 


Fig. 5. Stereoscopic motion-picture camera mounted on sub- 


marine. 


Fig. 4. The Pegase steering mechanism reminds observer of old- 


fashioned “Flexible Flyer” sled. ‘Joystick’ turns left and right 
bow planes in opposite directions. Short turns and steep bank- 
ing can be accomplished easily. 


powerful light to make night diving 
possible is controlled from the instru- 
ment panel. 


Advantages and Applications 


frees the underwater 


The Pegase 
photographer from the limitations of 


exhaustion, insufficient swimming speed 
and depth attainment which ordinary 
diving equipment places upon him. 

As compared with the larger types of 
submarine, the Pegase is not only less 
expensive, but also more flexible and 
efficient, since it can be used in both 
shallow and deep water, is maneuverable 
in small areas and is quieter in operation 
and less easy to detect. The difference 
between Pegase and a_ conventional 
submarine might be compared to the 
difference between a _ rigid airship 
(dirigible) and a helicopter. 

Presently there is one basic type in 
production. This basic type can be 


cinematography. 
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variously equipped to suit the particular 
requirements of the mission. 

Units of the Pegase type are highly 
efficient for all purposes — photographic, 
exploratory, military. Underwater stud- 
ies in the fields of archaeology, biology, 
geology, oil deposits and paleontology 
can be furthered by the use of such units. 
Such units can also be employed in pearl 
and sponge diving; industrial and mili- 
tary investigations of modern wrecks; 
location and neutralization of mines; 
investigations by MHarbor Police of 
submerged boats, aircraft and automo- 
biles and location of harbor channels. 

The first of the specialized units to be 
based upon the experience gained with 
the original Pegase is the Jonas, which 
is suitable for mine, cable and wreck 
locations at a shallow depth. This 
streamlined submarine, with the camera- 
man enclosed in a canopy, can attain 
speeds of 15 to 25 knots and can cruise 
within a radius of 20 to 50 sea miles. 


Fig. 6. Instrument panel for a Pegase submarine to be used for 
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standards and recommended practices 


Proposed American Standards and SMPTE Recommended Practice 


Published here for a three-month period of trial and criticism 
are three proposed American Standards and one proposed 
SMPTE Recommended Practice. All comments should be ad- 
dressed to J. Howard Schumacher, SMPTE Staff Engineer, prior 
to July 29, 1960. If no adverse comments are received, the 


Recommended Practice will be submitted to the Society’s 
Board of Governors for approval; and in the case of the three 
proposed American Standards they will be submitted to the 
American Standards Association Committee PH22 for further 
processing as American Standards.—J.H.S. 


Proposed American Standard 


Speed for 2-In. Video Magnetic Tape 


PH22.122 


1. Scope 


This standard specifies the rate of travel of 
2-in. wide video magnetic tape in video-tape 
recorders. 


2. Rate of Tape Travel 


The average rate of travel of the tape in a 
video-tape recorder is 16 (n) video tracks per 
second, where n is the vertical synchronizing 
pulse repetition rate. This is a nominal rate of 
960 video tracks per second, for recordings 


made in accordance with Proposed American 
Standard Dimensions for Video, Audio and 
Control Recorder on 2-In. Video Magnetic 
Tape, PH22.120. This is equivalent to a nomi- 
nal linear speed of 15 in. per second. 


Note: The vertical synchronizing pulse repe- 
tition rate, n, is nominally 60 pulses per second 
for monochrome transmissions and 59.94 pulses 
per second for color transmissions. Departures 
from these values will result in proportional 
changes in the rate of tape travel. 


NOT APPROVED 


Proposed American Standard 


Dimensions for 2-In. Video Magnetic Tape 


PH22.123 


1. Scope 
1.1 This standard specifies the dimensions for 
the width, thickness, and curvature of 2-in. 
video magnetic tape. 


2. Dimensions 
2.1 Width. The width of the tape shall be 
2.000 in. (50.80 *2°° mm). 


2.2 Thickness. The overall thickness of the 
base plus coating shall not exceed 0.0015 in. 
(0.038 mm). 


3. Curvature 


3.1 The curvature of the tape shall not exceed 
0.0625 in. (1.59 mm) in 48 in. (1219 mm). 


3.2 Measurement. Curvature shall be meas- 
ured by constraining the tape to lie in a plane 
under zero tension and by positioning a 48-in. 
long (1219 mm) straightedge as shown in the 
diagram. The maximum deviation, C, of the 
tape edge from the straightedge shall be taken 
as the curvature. 


C 


Video Tape 


Straightedge 


48 in. 
(1219 mm) 


NOT APPROVED 
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Introduction. In current video-tape recording systems the playback video signal level is dependent upon two independent factors 


(a) adjustment of the playback video amplifier gain setting and (b) deviation of the recorded, frequency-modulated, radiofrequency 


ack video signal levels without the accompanying need for readjustment of the 


yb 


er signal. In order to achieve uniformity of pla 
playback video amplifier gain, it is essential that all video-tape recordings be made in accordance with the same recommended practice 


for carrier deviation. This is of particular importance for playback on equipment other than that used for recording, or when the 


carr 


playback tape consists of two or more recordings spliced together. 


2. Recorded Carrier Frequencies 


Recommendations 


The recorded carrier frequencies corresponding to 


reference video signal levels shall be as follows 


2.1 


This recommended practice specifies the recorded 


modulation levels for monochrome telev 


1.1 


6.8 + 0.05 mc. 


5.0 + 0.05 mc. 
4.28 + 0.05 mc. 


(a) Reference White Level: 


(b) Blanking Level: 


i ls. 


ision signa 


(c) Sync Tip Level: 
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news and 


Tiros I, a drum-shaped object 42 in. in diameter and 19 in. 
in depth, went into orbit April 1 and is now hurtling around the 
Earth, 400 miles “up there.’ A radio announcement that the 
weather-observing satellite had been launched from Cape 
Canaveral and had gone into orbit came about 6:30 A.M. 
(EST); about six hours later a 14-min sound film showing the 
orbiting satellite gave the American public an awe-inspiring 
view of its launching and a clear view of cloud formations as 
seen by Tiros’s “eye.” (The project was named Television 
Infrared Operation Satellite hence, Tiros.) The remarkable 
delivery schedule of this film, a production of Reid H. Ray 
Film Industries, Inc., was the result of exacting preparation 
and precise timing. 

Putting the film before the satellite better tells the story at 
this stage: Last November script writer Robert Bruce of the 
Reid Ray Organization was indoctrinated in the classified 
project TIROS at the Princeton, N.J., laboratories of the 
Asto-Electronics Products Division of Radio Corporation of 
America, the sponsor of the film. At the same time, Gordon 
Ray, Animation Director, began planning the animated 
sequen es. 

By December it was decided to produce the film in 35mm 
Eastman color, and a very careful production schedule was 
established because of the importance of releasing the picture 
simultaneously with the launch date. Reid Ray, Director of the 
picture, and his camera and electrical crews spent eight days 
on location early in December at Princeton. They photographed 


700 
MILES 
SQUARE 


== reports 


Space, Motion Pictures and Television — Embraced 


under actual test conditions. Sounds of the weather satellite 
in orbit were simulated by the RCA ground station and re- 
corded. Each day’s exposed film was rushed to Movielab in 
New York which developed the color negative and rushed 
prints back for projection the next day in a theater in Hights- 
town, N.J. Careful screening of the rushes was necessary: 
the film was to be released for 35mm wide-screen theater 
exhibition, T'V broadcast and 16mm. The composition of 
each scene had to be compatible to all three screen ratios. 

The film, itself, and the story of its production reflect in a 
way the concentration of the many kinds of talent, training, 
skill, immense resources and exacting labors brought together 
for one purpose — man’s tossing into space a strange and special 
speck for the purpose of adding to the sum total of human 
knowledge. 

The satellite, strictly speaking, is only one component — 
the information-gathering element — in a complex satellite 
and ground system developed by the Radio Corp. of America. 
It was directed into orbit by the Bell Telephone Laboratories 
Command Guidance System. 

Miniature television cameras, video-tape recorders and 
transmitters within the satellite maintain constant contact with 
a ground network of tracking and receiving stations, data 
processing systems and programing and contrel centers. 
‘Tiros encloses two complete television systems capable of tak- 
ing a series of still pictures of cloud formations during each 
orbit. Each employs a specially developed RCA $-in. vidicon 
camera (small enough to hold in the palm of a hand). One of 


Upper left: Animation 
for Tiros film was com- 
pleted months before 
launching. 


Upper right: Tiros—pro- 
pelled into space by third 
stage of Thor-Able 
rocket. 


Lower left: Tiros TV 
cameras record cloud 
formations blanketing 
the Earth. 


April 1960 Journal of the SMPTE Volume 69 


Lower right: Artist’s 
conception of the 42-in. 
Tiros making its 90-min. 
trip around the Earth at 
a 400-mi. altitude. 
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He knows 
everything about 
photography except 
how to make film. 


He makes the 
world’s best high- 
speed color film 
emulsions but tries 
to photograph 
pretty scenery 
through a dirty 
windshield. 


At one of the 170 high-speed camera stations which instrument the 
20,000-foot supersonic sled track at Edwards Air Force Base, Lt. 
Col. Earl R. Strandberg makes the acquaintance of Kodak’s Walter 
A. Fallon. Colonel Strandberg, as chief of the Photographic Branch, 
has responsibility for quantitatively documenting all phenomena 
encountered in impact tests, static firing of rocket engines, and other 
activities of the Air Force Flight Test Center. Mr. Fallon, who is 
in charge of Kodak’s color film emulsions, is visiting to observe the 
demands to be met by his latest products, a reversal film and its 
companion duplicating film. They strongly enhance information ca- 
pacity through fine color distinction, sharpness, and extreme speed. 


The names of the new products are Ektachrome ER Film and Ektachrome Reversal Print 
Film. They have a realistic quality that stimulates observers to perceive facts in super- 
slow-motion movies that would be lost without color. 

To Walt Fallon the scenic drive through the mountains to check them out with the 
Colonel brought him near culmination of a hard campaign. To the Colonel, however, they 
represent only another step in a long history of increasing the usefulness of photography. 
In 1927 he talked a high school coach into letting him be the first man—more accurate- 
ly, the first boy—ever to film an entire football game for purposes of analysis and self- 
improvement. 

For information about color photographic materials for recording work, write 


Photorecording Methods Division 


EASTMAN KODAK COMPANY, Rochester 4, N.Y. 
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the cameras is equipped with a wide-angle lens for viewing 
clouds in an area about 800 miles on each side; the other 
employs a narrow-angle lens to scan cloud details in a smaller 
area. A miniature television magnetic tape recorder, designed 
for satellite use, is linked to each camera. 

At the start of each orbit, the cameras can be electronically 
instructed to photograph a specified area — such as a typhoon 
center over the Pacific, or a hurricane in mid-Adantic. The 
instructions, prepared at the NASA Computing Center in 
Washington in cooperation with the Weather Bureau, are 
sent to the ground stations. At the appropriate station, the 
program is sent in the form of radio signals to an “electronic 
clock” inside Tiros. The clock stores the instructions somewhat 
in the fashion of a remotely operated alarm clock, causing the 
cameras to start a sequence of operations at the specified time 
during the succeeding orbit as the satellite passes over the 
region of particular interest. As the satellite swings around the 
Earth and comes again within range of a ground station, a 
command signal is sent from the ground for transmission of the 
cloud pictures stored on the tape. At the ground station, the 
information is displayed on a television picture tube and re- 
corded on another magnetic-tape system. The image on the 
picture tube also is photographed and stored for future refer- 
ence by meteorologists. 

Ihe purpose of the Tiros system has been defined by Barton 
Kreuzer, Manager of Marketing for RCA Astro-Electronics 


tives in 1932; in 1937 he became a member 
of the U.S. House of Representatives and 
in 1944 he was elected to the Senate. 


Products Division, as ‘“‘visual observation of cloud formations 
over large parts of the Earth to produce new information about 
such weather phenomena as hurricanes, typhoons, and the 
movement of weather fronts.” And Sidney Sternberg, the 
Division’s Chief Engineer, described the satellite as ‘“‘a major 
space system complex incorporating advanced concepts in 
space communications and the remote control of satellite 
functions.” 

The radio-inertial command guidance for Tiros is the same 
system as that developed by Bell Telephone Laboratories and 
Western Electric Co. for the Air Force Ballistic Missile Division 
for use in the first squadrons of the Titan intercontinental bal- 
listic missile. 

It is interesting to note that only a week before Tiros was 
launched, a paper presented at the International Convention 
of the IRE in New York called attention to the “billions lost 
each year in storm damage” in the United States, and warned 
of grave consequences if weather research were neglected. 

Admiral Luis de Florez, consulting engineer and former 
Assistant Chief of Naval Research, in addressing a Symposium 
on “Electronics — Out of the World,” called for more man- 
power and more funds to be devoted to vital research in 
weather forecasting and control. “Actually, it would be of 
greater immediate importance to this country to be the first 
to find the answer to the feasibility and practicability of 
weather control than to land a man on the Moon,” he said. 


Education, Industry News 


Warren Magnuson, Chairman of the 
Senate Committee on Interstate and For- 
eign Commerce, author of S. Con. Res. 
75 (Journal, Sept. 1959, p. 638; and Oct. 
1959, p. 706) has been a strong defender 
of research and scientific endeavor during 
his active political career extending over 
almost three decades. He was elected to the 
Washington State House of Representa- 


Among the many evidences of his interest 
in science is his sponsorship of legislation 
to create the National Science Foundation, 
and he is presently directing efforts toward 
broadening the scope of its research pro- 
gram. He is sponsor of legislation to get the 
Navy’s Tenoc program in Oceanographic 
Research funded and underway. The 
Senate Resolution, ‘ referred to above, 


expresses Senator Magnuson’s sincere in- 
terest in scientific advancement in general 
and recognition of the importance of the 
5th High-Speed Congress in particular. 
The Resolution calls for active participa- 
tion by Federal agencies and was passed 
unanimously by the Senate. 


Rapid processing of film is the subject of 
a symposium of the Society of Photo- 
graphic Scientists and Engineers will be 
held in Washington, D.C., October 14-15. 
It is planned in conjunction with the Fifth 
International Congress on High-Speed 
Photography, October 16-22. SPSE Papers 
Chairman is Fordyce M. Brown, c/o 
Photomechanisms, Inc., 6 West 18 St., 
Huntington Station, N. Y. The emphasis 
will be on compact, simplified photo- 
processing equipment with short process 
time. Primary interest will be in the special 
techniques associated with development 
and design, specialized photographic chem- 
istry, and specific uses in science, industry 
and the military. Depending on time avail- 
able, reports on design and construction 
of larger processing machines and on ad- 
vances in processing methods and control 
systems may also be scheduled. An in- 
troductory paper, ““The Revolution in 
Photographic Processing,” will be pre- 
sented by George Eaton, SPSE President. 
A technical exhibit of equipment related 
to reports presented at the Symposium is 
being arranged. 


The Society of Photographic Scientists 
and Engineers will hold its 1960 National 
Conference May 9-13, at the Miramar 
Hotel, Santa Monica, Calif. More than 
60 technical papers are scheduled, among 
them reports on space photography and 
related instrumentation. A session on photo- 
graphic engineering will include papers 
on a new technique for high-speed photog- 
raphy of cyclic events, use of magnesium- 
filled lamps in high-speed photography, 
and details of photographic support of 
research on jet engines. Photographic 
sessions on processing and apparatus will 
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At last... 

“all the answers for the serious 
cinematographer with a need and 
desire for professional sound! 


This precision instrument is a 

completely self-contained, transistorized, 
portable and versatile recording system 

to which any 16mm camera can be quickly 
mounted and interlocked thru a flexible 
cable. Camera spring motor drives 


recorder in absolute “sync”. Record-play amplifier 


is fully transistorized with self-contained 
cadmium-nickel rechargeable batteries 
... Mo other power source is required. 


Remote hand mixer permits 

control of recording levels 

by thumb movement... giving 
operator a “feel” for position 

while concentrating on eye-piece. 
Mixer contains VU meter, record and 
playback controls, film-direct monitor 
switch, battery test switch, 
microphone input and earphone output 
jack. Mixer may be clipped to cemera, 
tripod, belt or pocket during takes. 


recordep re 


The amazing Nomad makes 
any movie camera a 
sound camera, any projector 
a sound projector 
in professional ‘‘lip-sync”’ 


A. Nomad film is split 16mm, Channel +1 
on the twin-track record head is used for lip- 
sync and narrative recording on location. 
Later, complimentary music from phonograph 
or tape recorder is “dubbed” on channel +2. 
Simultaneous playback thru the full width 
play head mixes music and voice, producing 
theatre-quality sound. 

B. For lengthy sequences, a regular camera 
D.C. motor can be attached to the Nomad, 


flexible cable. There is a 180 rpm _ output 
in the Nomad camera interlock and a 1440 
rpm output for projector interlock. Playback 
can be double-system, or a 1:1 interlocked 
transfer from recorder to a striped release 
print can be made with a magnetic sound 
projector. 

C. Basic film capacity is 100 ft.; the use of 
simple adapters can increase capacity to 400 
ft. or 1200 ft. Entire Nomad system fits com- 


Editing is easy with an inexpensive synchro- 
nizer and a sound reader. Since each roll of 
Nomad film is exactly the same length as the 
picture film, points of reference for editing 
are easily provided. 


price $585 


Basic Nomad system consists of recorder- 
reproducer, remote hand mixer and camera 


driving both recorder and camera thru the pactly into small carrying case. mount. Other accessor'es are available. 


Write, wire or phone 


MAGNASYNC CORPORATION 


) formerly Magnasync Manufacturing Co., Ltd. 


5548 Satsuma Ave.. North Hollywood, Calif. * TRiangle 7-5493 * Cable “MAGNASYNC” 


International leaders in the design and manufacture of quality film recording systems 
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cover a simplified approach to automatic 
dodging control, fast processing by means 
of a chemical-saturated paper, the EN-37 
printer for use with gun cameras, and varied 
scientific uses of commercial monobaths. 
Other major conference categories include 
optics and image structure, motion pictures, 
and color materials. A technical exhibit will 
be held in conjunction with the Conference. 

The SPSE will extend membership reg- 
istration privileges to all SMPTE members. 


Plans for a Hollywood motion-picture and 
television museum have been discussed, off 
and on, for a number of years, with hearty 
approval for the idea expressed by all con- 
cerned, but the progress of the dream to- 


CECO™ 


Instrumentation 
Equipment helps 
engineers record and 

measure vital data. 


CAMERAFLEX 
35MM BORESIGHT CAMERA 


A Radar Photo Tracker with 
register pin movement for ex- 
treme accuracy; reflex shut- 
ter, through-the-lens viewing; 
3 data recording systems; 
manual variable shutter with 
1%° to 60° openings; me- 
chanical drive insures return 
pulse occurs precisely at mid- 
point; speed from 10 to 30 
pps, up to 10 pps with pulse 
drive; 40” or 80” Catadioptric 
lens; radar secondary mount; 
illuminated reticle for night 
photography. 


*CECO—Trademark of 
Camera Equipment CO 


Nome 


CAMERA EQUIPMENT CO., INC. 
OF FLORIDA 
1335 East 10th Ave. « Hialeah, Florida 


SALES « SERVICE * RENTALS : 
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Dept. JS64,315 West 43rd Street, New York 36, N. Y. 
Gentiemen: 


Please rush me new FREE literature on CECO 
products for use in Photo-Instrumentation. 


ward reality has been hampered by many 
obstacles. A step was taken in 1953 when 
the Motion Picture Relief Fund, under 
the leadership of the late Jean Hersholt, 
attempted to raise $1 million for the pur- 
chase of the Paramount Sunset Studio to 
be used as a museum. This attempt failed; 
but six years later, in June 1959, the ap- 
pointment of a Commission, empowered 
to formulate and put in effect plans for 
the museum, by the Los Angeles Board of 
Supervisors seemed virtually to assure the 
eventual construction of the long-dreamed- 
of museum. Civic recognition of this 
project seems to be in accord with a grow- 
ing awareness of the historic significance 
of the early days of motion pictures and 
television and the need for preserving rec- 


Photo Instrumentation is a 
serious business, where 
man’s genius is ever reach- 
ing for the stars. CECO 
often lends a helping hand 
in an important break- 
through — not only with the 
world’s most ingenious im- 
age sensing and read-out 
equipment — but with en- 
gineering brainpower that 
knows how to make theories 
come true on film. 

Bring your problems to us 
for free consultation. 


RED LAKE 35MM STOP-MOTION PROJECTOR 
Variable speed control, forward and re- 
verse. 8 to 24 pps. Remote controls. 1000 
ft. reel capacity; frame counter. 


MAGNASYNC DATA 
AND INSTRUMENTATION 
RECORDERS 
Record, play, ‘‘read’’ 
and ‘‘write’’ heads avail- 
able with up to 16 chan- 
nels for 35mm sprock- 
eted or 1” audio tape. 
Has synchronous sprock- 
eted drive system; speed 
range for 1/100” to 100” 
per sec; 6 different 
speed changes in single 
unit can be incorporated. 


ords of the past. An informal report from 
a Hollywood member of the SMPTE 
Historical and Museum Committee, Syd 
Cassyd, recounts progress on two such 
projects: On _ Establishment of Two 
Archives in the Los Angeles Area. 

Two important steps in collecting and 
archiving materials and equipment of mo- 
tion pictures and television were made 
this past year in the Los Angeles area. 
The first was the establishment of a Com- 
mission on Motion Pictures and Television 
Museum by the Board of Supervisors of 
Los Angeles. Appointment of many 
prominent persons in the industry focused 
attention on this problem. Sol Lesser was 
appointed Head of the Commission. A 
site has been chosen and plans for the 
construction of a suitable building have been 
formulated. The site is close to the Holly- 
wood Bowl which is next to the Los 
Angeles Freeway system which means 
that the proposed museum will be easily 
accessible to everyone in Los Angeles 
and surrounding areas. 

The second development in the field of 
collection and preservation of historic 
records was the appointment by the 
Chancellor of the University of California, 
Los Angeles, of an Honorary Curator of a 
proposed Television Archives. The ap- 
pointment was made in accordance with 
a suggestion made by the Head of the 
University’s Television Library Com- 
mittee. It is hoped that this appoint- 
ment will have the effect of speeding up 
the difficult job of collecting materials 
and programs which are slowly disap- 
pearing, particularly those of the years 
preceding 1946 and the 1946-1949 era. 


| This project has been underway since 


| 


| 


1956 when the Chancellor, in coopera- 
tion with the Academy of Television Arts 
and Sciences, appointed a committee 
to study all aspects of the project. Prob- 
lems of space, and clearances for guilds, 
unions and finances have been the main 
roadblocks to collection. The networks and 
local stations are cooperating and it is 
hoped to report progress soon. 


A one-week seminar in_ Electronic 
Flash and High-Speed Photography 
will be held at the Massachusetts In- 
stitute of Technology August 15-19. The 
meetings will center at the Stroboscopic 
Light Laboratory where the theory and ap- 
plication of various methods will be studied. 


| Mornings during the program will be 


devoted to theory and demonstrations; 
laboratory practice sessions will be held 


Test Film Resales 


It has come to the attention of the 
Society that a quantity of several 
types of SMPTE Test Films which 
were produced some years ago, are 
now being offered for resale. Due to 
the fact that the physical characteris- 
tics and the useful life of film may be 
affected by the conditions and length 
of storage, the Society can make no 
representation as to the conformance 
of such films with established Society 
standards. 
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MOVIELAB FILM LABORATORIES 

MOVIELAB BUILDING, 619 W. 54th 
.NEW YORK 19, N.Y. JUDSON 6-0360 


¥ developing color negatives © additive color printing ¢ reduction printing including A & B e color 
slide film processing ¢ blowups e internegatives ¢ Kodachrome scene-to-scene color balanced 


printing « Ektachrome developing and ‘printing ¢ registration printing ¢ plus complete black and 
white facilities including cutting rooms, storage rooms and the finest screening facilities in the east. 


Pra 


during the afternoons. Subjects to be 
covered include pulsed stroboscopic light- 
ing, optical high-speed cameras, Kerr 
cells, Faraday shutters, and image con- 
verters. Specialists in high-speed photog- 
raphy have been invited to lecture on 
their particular subjects. The seminar 
will include laboratory demonstrations 
of many types of equipment related to 
high-speed photography. The program 
will be under the direction of Prof. Harold 
E. Edgerton of the Department of Elec- 
trical Engineering, M.I.T. Tuition is 
$175. Academic credit is not offered. 


A trend away from the “learning more 
and more about less” type of specializa- 
tion and toward the ‘‘Renaissance man” 
type of diversified learning was hinted 


The New Westrex 900 Recording Systems 

are constructed for 35mm and 16mm 
photographic and magnetic, standard or 
push-pull, area or density negative, as well as 
direct-positive area sound track recording. 
Westrex research has resulted in world-wide 
leadership in sound recording, of which the 
Series 900 Systems are examples. They are 
designed for fixed installations or for easy 
mobility. Mobile installations can be mounted 
in a light truck or on a studio dolly. 


Westrex 
recording 
system 


is professionally 
designed for 
professionals 


Westrex Corporation 


A DIVISION OF LITTON INDUSTRIES u 


Before replacing your present equipment, 
investigate the amazing versatility of a Westrex 
Series 900. Call today for complete 
specifications. Or write Westrex Corporation, 
111 Eighth Ave., New York 11, New York— 
or Recording Equipment Department, 

6601 Romaine Street, Hollywood 38, Calif. 


at by Hans H. Zinsser, M.D., Chairman 
of the Medical Electronics Session at the 
International Convention of the Institute 
of Radio Engineers held in New York, in 
March. In discussing medical engineering 
foreseen as a new profession, Dr. Zinsser 
spoke of ‘‘a new breed competent to talk 
in both fields, not only through acquisi- 
tion of a vocabulary, but trained in ways 
of thought that summarize much more 
than medicine, or engineering, or basic 
biology comprises at the present time. It 
is by the development of such multiple- 
faceted minds that we can most readily 
progress to the full realization of the 
potentialities before us.” 

Dr. Zinsser outlined a suggested cur- 
riculum leading to a degree in medical 
or bio-medical engineering. 
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Principles of Optics 


By Max Born and Emil Wolf. Published 
(1959) by Pergamon Press Inc., 122 East 
55 St., New York 22. v-xxvi + 803 pp. in- 
cluding illus., charts, graphs, etc. 6} by 
94-in. Price $17.50. 


It is interesting to note that much of the 
brilliant work done in optics in the second 
half of the nineteenth century is still 
perfectly valid and in continuing use. 
But the broadening scene of physics has 
elucidated many points that remained 
mysterious at the close of that period. 
The optical accomplishments of the 
twentieth century are constantly revising 
the point of view in this field. 

The present book is a re-working of an 
earlier Optik by the senior author, Max 
Born. There have been many changes, 
and the volume is practically a new work. 
In several respects it is more, perhaps, 
to be compared with the famous Lehrbuch 
der Optik of Paul Drude. This came out at 
about the turn of the century (in English 
translation only by 1922). The comparison 
consequently reflects a half-century of 
development in optics. 

The broad objectives of the Lehrbuch 
and the present work are really much alike 
—to present a systematic and unified 
theory of the major optical phenomena. 

The subject matter of the two books is 
surprisingly similar. Simply, it covers the 
production of images by lenses and mir- 
rors, interference and diffraction phenom- 
ena, the many phenomena of polarized 
light and its transmission through crystals, 
and the optics of conducting media such as 
metals. Some of this is treated by the use 
of geometrical optics, but most of it 
needs the more fundamental wave theory. 

The first difference that one notes is in 
the order of presentation. Drude started 
with the straight geometrical optics. 
When he introduced waves, he managed 
as long as possible with an equivocal 
mechanistic medium. Electromagnetic 
waves appeared only very far along in the 
book. 

Born and Wolf start right out in the very 
first chapter with Maxwell’s equations. 
It is only after a hundred pages that they 
show how the equations lead to the recti- 
linear light rays of geometrical optics, and 
they then proceed to go into image forma- 
tion. 

The authors gather together all the ma- 
terial dealing with partially coherent light 
into a single chapter. Drude treated bits 
of this here and there as he dealt with 
Young’s fringes, breadth of spectral lines, 
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Now available!* 


BLIMP for 


The new 1000 ft. Blimp converts the 
ARRIFLEX 35 into a full-fledged 
SOUND STUDIO CAMERA, and brings 
further versatility to the ARRIFLEX 35 
system. It accepts the ARRIFLEX 35 with 
regular synchronous motor, and utilizes 
standard Mitchell magazines, which are 
joined to the camera by means of an 
adapter, supplied with the Blimp. No 
alterations are necessary on the ARRIFLEX 
35 or the Mitchell Magazine. 


a No tools are needed. It takes but a 
a few minutes to change the 


Features: 
Modern acoustic damping methods afford extreme 
sound absorption. Permits use of microphones within 3 
ft. of Blimp. 
Remote focus drive from 3 positions. 
Remote diaphragm adjustment. 
Through-the-lens-focusing and viewing. 
Matte box with leather bellows adjustable by geared 
struts. 
Large front port permits use of 18mm wide-angle lens. 
Adapter available to use anamorphic lenses. 


“tor SALE, RENT, LEASE 


or direct 
from 


Camera Equipment Co., Inc. 
315 West 43rd St. 


ARRIFLEX 35 from hand camera to 
studio camera or vice versa. 


Built-in filter holder for 3x3" filter. 

Large Control windows for distance scale, diaphragm 
scale, footage counter and tachometer. . 
Wired for buckle switch which can be built into existing 
cameras and is factory supplied with camera if bought | 
with Blimp. 
ARRI-Precision Engineered for a lifetime of trouble-free 


service. 
$3,995.00 Fos ny. 


Behrend Cine Corp. 
(formerly Television Equipment Co.) 
161 E. Grand Ave. Chicago 11, Ill. 
Michigan 2-2281 


Frank C. Zucker 


New York 36, N. Y. 
JUdson 6-1420 


ARR I x4 CORPORATION OF AMERICA 
IN uu "257 PARK AVENUE SOUTH, NEW YORK 10, N. Y. 
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and other subjects. The modern informa- 
tion theory approach unifies and clarifies 
this field considerably. 

One notices a difference in the general 
plan of attack on explanations and deri- 
vations. Where the older book was 
heuristic and tentative, Born and Wolf 
are sophisticatedly analytic, as befits the 
accumulation of knowledge which has 
occurred in the interim. Oce must admit 
that the reader can pay a certain price 
for sophistication, in that comprehension 
does not always come so easily. 

In dealing with the design of imaging 
systems, a major element is the theory of 
aberrations. If one is to evaluate the pref- 
erence of one design over another it is 
necessary to have such a quantitative crite- 
rion of performance as indicated by the 


aberration. The fundamentals of geo- 
metrical aberrations run back as far as 
Seidel in the 1850's, and of wave or “if- 
fraction aberrations to Lord Rayleigh 
around 1880. Born and Wolf present the 
material in two chapters, in a particularly 
comprehensive discussion. Its modernity 
is indicated by the references, running to 
1957. 

A number of chapters in the book have 
been written by other than the titular 
authors. Among these is a detailed dis- 
cussion by Professor A. B. Bhatia on the 
diffraction of light by ultrasonic waves. 
Similarly a chapter on rigorous diffraction 
theory (as distinguished from the earlier 
use of Huyghens’ principle) and a mathe- 
matical appendix were contributed by 
Dr. P. C. Clemmow. Other material was 


OUR EXPERIENCE 1S YOUR KEY TO" 
_ SERVICE & DEPENDABILITY 


CAMART DUAL SOUND 
EDITOR 


®@ Edit single and double system 
16mm or 35mm optical sound. 


@ Edit single system Magnastripe or 
double system magnetic sound. 


@ Use with any 16mm motion picture 
viewer to obtain perfect lip-sync 
matching of picture to track. 


®@ Works from left to right or right 
to left. 


Optical or magnetic model. . $195.00 


CAMART 
CORE 
DISPENSERS 


No searching for film 
cores with Caomart dis- 


pensers near you. 
Regulates to 16 or 
35mm 
Aluminum 

9.50 
11.50 
14.50 
24” Disp. for 50’ or 
100 plastic reels 
4.00 


ARRIFLEX 16MM CAMERAS 


16 and 35mm cameras in stock for immediate 
delivery. Arriflex 16mm and 35mm sound- 
proof blimps available. 
Synchronous motors. 


400’ magazines. 
New and used. 


station wagon. 


CAMART 
CAR TOP CLAMPS 


Insure a steady tripod support for your news- 
reel camera when a top a car platform or 
Heavy bronze construction. 
Weatherproof Set of three...... $28.00 


MART... 


1845 BROADWAY (at 60th St.) 


NEW YORK 23 - Plora 7-6977 «+ Coble Comeromort 
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prepared by Drs. Wayman, Wilcock, 
Stokes, and Professors Taylor and Gabor. 

There are some very detailed appendices 
to cover certain mathematical tools used 
in the text, such as the calculus of varia- 
tions (adapted from Hilbert’s 1903 Goet- 
tingen lectures), the Dirac delta function, 
the circle polynomials of Zernike, etc. 

The book is fairly strictly limited to the 
theoretical reader. There is a chapter on 
image-forming instruments, but this ma- 
terial is fairly sketchy and illustrative, and 
not really meant to guide the practical 
individual. 

The book will presumably become a 
standard reference work in the field of 
theoretical optics. It is suitable as a text 
for advanced  students.—Pierre Mertz, 


66 Leamington St., Lido, Long Beach, 
N.Y. 


Professional Association in the 
Mass Media: 

Handbook of Press, Film, Radio, Tele- 
vision Organizations 

Published (1959) by the United Nations 
Educational, Scientific and Cultural Or- 
ganization, Place de Fontenoy, Paris 7, 
France (U.S. Agent: UNESCO Publica- 
tions Center, 801 Third Ave., New York 
22). 206 pp. 8 by 104-in. Price $5.00. 


This useful and informative handbook 
lists alphabetically, country by country 
throughout the world, organizations for 
the press, film, radio and television. Each 
organization is listed with its address, 
scope and purpose, membership, qualifica- 
tions for membership, publications, his- 
tory, and names of officers. Part I of the 
handbook lists international organizations. 
Of the total of 64 international organiza- 
tions, one is concerned mainly with the 
entire field of mass communication. There 
are 31 international press organizations, 
22 film, nine broadcasting, and one tele- 
vision. Part II lists 1049 national organiza- 
tions. Of this number, 561 are press 
organizations, 341 film, 134 radio, and 13 
television. 


From Tin Foil to Stereo 


By Oliver Read and Walter L. Welch. 
Published (1960) by Howard W. Sams & 
Co., 1720 E. 38 St., Indianapolis 6. 524 
+ xvi pp. Illus. Appendix. Index. 6 by 9-in. 
Price $9.95. 


Beginning with the statue of Memnon 
at Thebes and ending with a discussion of 
stereo discs, From Tin Foil to Stereo spans 
more than 3000 years of human endeavor 
to imitate or reproduce natural sounds by 
mechanical means. The book is, as the 
title suggests, mainly concerned with the 
evolution of the phonograph since _ its 
invention in 1877 by Thomas A. Edison. 
The book is also about America, American 
business practices in the late 19th and 
early 20th centuries, and some of the legal 
mazes and bypaths stemming from the 
invention and development of the phono- 
graph. 

The book is not only documented with 
amazing thoroughness, making it a valuable 
source of reference material, it is also a 
delight to read. Not the least of its delights 
is the hundreds of photographs some of 
which, the authors state, are repro- 
duced for the first time. For lovers of 


| 
| 
| 
| 
‘ 
} 
» | 
| 
} 
: 3 4, 
= 
280 


FOR R&D PROGRESS REPORTS and COMPANY PRESENTATION FILMS, Choose 


| 


ALL AURICON EQUIPMENT IS SOLD WITH 
A 30 DAY MONEY-BACK GUARANTEE. 


AURICON 16mm Cameras for Professional Results! 


W 


“CINE-VOICE I’ 16 mm Optical Sound-On-Film Camera. 


““AURICON PRO-600''16mm Optical Sound-On-FilmCamera. ‘‘SUPER 1200'' 16 mm Optical Sound-On-Film Camera, 


* 100 ft. film capacity for 2% minutes of + 600 ft. film capacity for 16% minutes of * 1200 ft. film capacity for 33 minutes of 
recording; 6-Volt DC Convertor or 115-Volt AC recording. + $1871.00 (and up) with 30 day ee. -_ $5667.00 (and up) complete for 
eli 


operation. + $998.50 (and up). 


money-back guarantee. “High-Fidelity” Talking Pictures. 


TRIPOD— Models FT-10 and FT-10S12... 


Pan-Tilt Head Professional Tripod for 
velvet-smooth action. Perfectly counter-balanced 


PORTABLE POWER SUPPLY UNIT—Model PS-21...Silent  FILMAGNETIC — Finger points to Magnetic pre-stripe 
in operation, furnishes 115-Volt AC power to drive on unexposed film for recording lip-synchronized 
Single System” or “Double System” Auricon magnetic sound with your picture. Can be used 


to prevent Camera “dumping.” $406.25 and up. Equipment from 12 Volt ree aoern, for with all Auricon Cameras. + $870.00 (and up) 


Write for your 
free copy of 
this 74-page 
Auricon Catalog 


remote “‘location” filming. + $2 


AURICON Cameras are superb photographic instruments 
for your FILMED REPORTS... 


The new technique of filming Progress Reports, as covered by the Air Force “Table 210 Requirement,” 
for example, has revolutionized reporting on R & D Projects. The work of many months can be telescoped 
into a 20- or 30-minute filmed documentary for the benefit of key executives and military personnel 
who have limited time, but a great need to gather an over-all impression as quickly as possible. 

Major aircraft or missile manufacturers are using Auricon Professional 16mm Cameras for filming 
R&D Progress Reports in compliance with contractual obligations to the Armed Services and 
Government Agencies, under requirements such as Air Force “Table 210.” 

Presentation Films of R&D Engineering Extracts, Scientific Developments, Training Films, Company 
Facilities and Scientist and Engineer Recruitment Films are being produced with quality and 
dependability in full color or B&W, using Auricon Professional Cameras. Auricon Cameras have 
advanced features which set them apart as superb photographic instruments for precision film-making! 


BACH AURICON, Inc. G RA E 


6946 Romaine Street, Hollywood 38, California 


HOllywood 2-0931 ¢-, Money-Back Guarantee. 
You must be satisfied! G 


EPL PPPPE 


MANUFACTURERS OF ELECTRONIC-OPTICAL RECORDING EQUIPMENT SINCE 1931 
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Americana and of “tthe good old days” 
there is a wealth of historic and (to some) 
nostalgic material. One of the most 
amusing illustrations is in the Appendix 
(p. 479) showing the title page of “The 
Song of Mister Phonograph’”’ (copyrighted 
1878). A robot-like creature whose head is a 
cylinder capers in music-hall style. 

The book is full of references and quota- 
tions, and names of inventors, attorneys, 
businesses, singers, musicians — some 
long-dead, others very much alive, and 
others alive in history and memory — 
march through the pages. Old law suits, 
decided long ago, are recounted in detail, 
throwing new light on some of the judg- 
meats of history. For example, after a 
detailed account of the suit of Marconi 
Co. vs. DeForest Co. (pp. 229-231) the 
authors ask, “But the question remains, 


For 


with respect to historical accuracy, to 
whom belongs the major credit for the 
initial and basic contribution of the 
first vacuum tube, Fleming or Edison? 
Edison had built the first tube, Fleming 
had discovered a new use for it...?” 

The book is not one that can be read at 
one sitting, in spite of its highly readable 
style, but is rather a book that can be 
returned to again and again for entertain- 
ment as well as information. The authors 
have made a genuine contribution to the 
history of the United States by their care- 
ful and illuminating examination of the 
development of one invention. 


Fundamentals of Photographic 
Theory 


2d ed., completely revised, by T. H. James 
and George C. Higgins. Published (1960) 


Film Libraries 


SUMMERTIME 


is 


RECONDITIONING 


Time... 


Summer is with us...and your prints 

are out of circulation for a while. So 

this is the ideal time to have them restored 

to good condition through Peerless servicing: 


¢ inspection and cleaning © scratches removed 
* defective splices remade © perforations 
repaired © curl or brittleness corrected 


Then, thoroughly rejuvenated, your prints 
will be ready for hard use in the fall. 


Send us your prints now 


EERLESS 


FILM PROCESSING CORPORATION 


165 WEST 46th STREET, NEW YORK 36, N. Y. 
959 SEWARD STREET, HOLLYWOOD 38, CALIF. 
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by Morgan & Morgan Inc., 101 Park 
Ave., New York 17. 345 pp. incl. index, 
illus. and graphs. 54 by 8}-in. Price $7.50. 


Fundamentals of Photographic Theory was 
first published in 1948. The second edi- 
tion has been extensively revised and 
reset to include recent discoveries and 
developments. The book, which gives a 
general account of the theory of the photo- 
graphic process, based on furdamental 
chemical a..d physical concepts, is used as a 
textbook in photographic courses in many 
colleges. In the second edition, extensive 
revisions have been made, particularly 
in the chapters on the photographic emul- 
sion, formation of the latent image, 
mechanism of development, kinetics of 
development, and stricture of the devel- 
oped image. New information on the 
theory of color photography and color 
sensitometry is included and there is a 
description of the chemistry of the forma- 
tion of dye images. A comprehensive list 
of references is given at the end of each 
chapter. A reader who requires more 
advanced or more detailed treatment of 
any phase of the photographic process will 
find an ample listing of source material 
from which he may select what suits his 
needs. 


“The American Standard Requirements 
for Electrical Indicating Instruments: Panel, 
Switchboard and Portable Instruments’”’ is 
published by American Standards Associa- 
tion, 10 E. 40 St., New York 16. This is 
Standard C39.1-1959, a revision of C39.1-— 
1955. The development of this Amer- 
ican Standard has resulted from the work 
of the Sectional Committee on Electri- 
cal Measuring Instruments C39. This 
specification is intended to assure that 
instruments conforming to it will be satis- 
factory for general industrial use. 


British Broadcasting Engineering Mono- 
graph, Programme Switching, Control, and 
Monitoring in Sound Broadcasting, published 
February 1960, is No. 28 in a series which 
was begun in June 1955. About six mono- 
graphs, each dealing with some phase of 
television and sound broadcasting, are 
published each year. Individual copies 
are priced at 5s; and an annual subscrip- 
tion is 1 £. Orders can be placed with BBC 
Publications, 35 Marylebone High Street, 
London, W.1. 


Sound and Vision Broadcasting, if it 
maintains the high standard set by the 
first (Spring 1960) issue, will be a valuable 
addition to publications dealing with 
particular or overall aspects of the broad- 
casting field. It is published by the Broad- 
casting Division of Marconi’s Wireless 
Telegraph Company, Ltd., Chelmsford, 
Essex, England. The aim, according to 
the Editor, R. L. Varney, “is to cover not 
only the engineering side of broadcasting 
but also that of programing, and to in- 
terest all those whose work may lie in 
either direction, whether sound or vision.” 
The magazine will be issued three times a 
year. Translations in German and Spanish 
of the main articles are included. The first 
issue contains seven main articles and six 
brief news stories on installations through- 
out the world. The publication is en- 
hanced by numerous illustrations. 
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MACHINES [REWIND 


AUTOMATIC 
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DIFFERENTIAL | HEAVY DUTY 
REWIND POWER REWIND 


MAIN OFFICE: 956 SEWARD, HOLLYWOOD, CALIFORNIA, HO 2-3284 
HOLLY WOOD FILM COMPANY reels * cans ¢ shipping cases 


BRANCH: 524 WEST 43RD ST., NEW YORK, NEW YORK, LO 3-1546 
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section reports 


The Atlanta Section met on March 8 at 
the Kodak Processing Laboratory with an 
attendance of 23. William Koch of the 
Motion Picture Film Dept., Eastman 
Kodak Co., New York City, was the 
guest speaker. His subject was ‘‘New East- 


Emulsion Speed Characteristics.” To de- 
scribe the new Eastman Ektachrome ER 
films, slides were shown that illustrated 
the physical and sensitometric charac- 
teristics of the film, processing methods and 
printing systems that can be used if re- 
lease prints are desired. 

Demonstration films were shown of some 
of the typical uses expected of the new films. 
It was stressed that this film is a new and 
additional product and not a replacement 
product. Mr. Koch answered general 
questions during the meeting. After the 
meeting, members of the Section were 
able to discuss specific problems with 
him. 

Attendance at the meeting was not very 


man Reversal Color Products of High large, but those attending felt that they 
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rentals 
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Every piece of equipment is 
checked out to perform “better 


Cameras: 16mm & 35mm—Sound 
(Single or Double System)—Silent 
~—-Hi-Speed 


than new.” 

Your accountant will explain 
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versus buying. 


CECO provides all 
servicing free of charge. 


More experts use CECO Rentals 
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CAMERA EQUIPMENT CO., INC. OF FLORIDA 
1335 East 10th Avenue « Hialeah, Florida 
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Almera Equipment ©..INC. 


Lenses: Wide angle—Zoom—Tele- 
photo—Anamorphic 


Generators: Portable—Truck 
Mounted 


FRANK FUCKER 


Editing Equipment: Moviolas 
—Viewers—Splicers—Rewinders 


Projection Equipment: |6mm & 
35mm—Sound & Silent—Slide— 
Continuous 


Department JS64,315 West 43rd Street, New York 36, 
New York « JUdson 6-1420 


Gentlemen: Pi h R lete catal : | 
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had obtained some very practical informa- 
tion for use in their work. After the meeting, 
coffee and doughnuts were served and a 
tour of the Kodak Processing Laboratory 
was conducted.—Wesley R. Sandell, Secre- 
tary- Treasurer, c/o Kodak Processing Lab., 
4729 Miller Drive, Chamblee, Ga. 


The Dallas-Fort Worth Section met on 
March 3 at the WFAA-TV Studios in 
Dallas with an attendance of 40. Cyril 
Teed, Research Engineer of Marconi 
Wireless Telegraph Co., the guest speaker, 
discussed 4}-in. Image-Orthicon” 
and the camera channel for the same. 
Mr. Teed gave the history of the de- 
velopment. of the 44-in. image-orthicon 
and then went into considerable detail in 
describing the development of the camera 
chain. The information was comprehen- 
sively presented and the technical phase 
was well done. An informal demonstration 
of the camera chain followed the speaker’s 
remarks. A commercial was video taped 
and played back using the camera chain. 
The meeting generated a lively discus- 
sion period after which coffee and dough- 
nuts were served.—M. D. McCarty, 
Secretary-Treasurer, c/o Magnolia Petro- 
leum Co., P. O. Box 900, Dallas, Tex. 


The Hollywood Section met on March 15 
with an attendance of 275. Eliot Bliss, 
the guest speaker, gave an_ excellent 
demonstration of the various means by 
which video tape, film and tape-to-film 
transfers are all contributing to current 
television production. Comparisons of 
TV picture quality were made among the 
three media — film, tape and tape-to-film 
transfers — with particular emphasis on 
recent quality improvements that have 
been made in photographic recording of 
television.—Ralph E. Lovell, Secretary- 
Treasurer, 2554 Prosser Ave., Los Angeles 
64. 


The Nashville Section met on December 5 
at the WLAC-TV Studios in Nashville 
with an attendance of 41. Guest speakers 
were Ralph Hucabee, WLAC-TV; Aaron 
Shelton, WSM-TV: and Frank McGeary, 
M-P Laboratories, Inc. 

Session moderator, Anton Pilversack of 
TRAFCO, introduced the subject for 
discussion: ‘“‘What Constitutes a Good 
Television Print?” The panel of speakers 
presented ideas and standards from the 
viewpoint of their own particular divisions 
of the 16mm industry. 

Following the presentations for TV sta- 
tions by Messrs. Hucabee and Shelton and 
for the laboratory side by Mr. McGeary, 
the entire group discussed the problems 
from the producer’s point of view. As a 
part of the program there were two closed- 
circuit runs of a series of TV prints illus- 
trating the range of contrast that can be 
produced from the same original, by experi- 
mentation in both the dupe negative and 
positive stages. 

The initial run was controlled by the 
video engineers at WLAC with the engi- 
neer adjusting each section to what he 
considered his contrast norm. The second 
run-through went at one setting. Finally, 
the prints were projected on a regular 
projector and screen. Each time the group 
was asked to select the print which best 
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In the Heart of Hollywood 
You’ve Got to be Good! 


Located for 24 years in the very heart of Hollywood, 
Modern Movie Lab is in the most competitive situation 
imaginable. Most of their work is rush, yet absolute top 
quality must be maintained. That’s why they depend on 
a Houston Fearless Labmaster*. Here’s what Eugene 
Johnson, President, has to say: 


“24 hours a day we must be ready to process our cus- 
tomer’s film as fast as it comes in. Yet we can’t afford 
to take chances with quality. Every foot of film must be 
perfect, with never a streak or a scratch. We've had our 
Labmaster now for three years and know we can depend 
on it at any time to do a job we'll be proud of.” 


This is typical of labs throughout America that rely on 
Labmasters to deliver perfect results with minimum super- 
vision. With fully automatic controls, the Labmaster is 
easily operated by anyone... even with little training. 


Labmaster is the most versatile machine you can own. 
Of modular design, you can buy a model now to satisfy 
your present needs, then modify it later to process other 
types of film. And it’s the most value for your money, too. 
Labmaster’s low price, unlike some other makes, includes 
a built-in refrigeration system, air compressor and every- 
thing else necessary to start operating. 

So, if you too are looking for complete dependability and 
consistently high quality results... at a most attractive 
price ... look to Labmaster! Send coupon for catalog and 
prices now. 


16mm B&W Neg/Pos model only $4 yt 75 


Also available in 16/35mm Neg/Pos, 16mm Reversal, 
16 and 16/35mm Microfilm, Anscochrome and Ekta- 
chrome models. 


*Trade Mark 


HOUSTON FEARLESS CORPORATION 
11827 W. Olympic Bivd., Los Angeles 64, California 
Please send catalogs and prices on () B&W Labmasters, [) Microfilm 
Labmasters, [] Color Labmasters. 


Name 
Firm 


Address 


City 
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Professional 
Services 


COLORTRAN CONVERTER 
LIGHTING EQUIPMENT 
The most illumination for the least investment 
CROSS COUNTRY RENTAL SYSTEM 
ELIMINATES COSTLY SHIPPING 
write for catalog 

NATURAL LIGHTING CORP. 

630 S. Flower St., Burbank, Calif. 


IN THE SOUTHWEST 
For Equipment and Stage Rental 
Technical and Creative Personnel 
Complete 16mm and 35mm 
Laboratory and Producer Services 
It's BIG “D’’ FILM LABORATORY, Inc. 
4215 Gaston Plaza, Dallas 10, Texas 
TAylor 7-5411 LAT.S.E. 


TUFF COAT 
Multiplies the useful life of all types of nt 
and release film. Protects from scratches and 
abrasions. Safe, easy to use. Kills static, cleans 
and lubricates. availal le for 


Wia 


Send for 
NICHOLSON PRODUCTS CO. 
3403 Cahuenga Angeles 28, Calif. 


BERTIL I. CARLSON 
Photoproducts Co. 


Consultants, designers, builders 
in PHOTO INSTRUMENTATION 


Box 60, Fort Lee, N. J. 


Users of Permafilm Protection and 
SAVE Perma-New Scratch Removal show 

25- and more by lengthening the 
507% their prints.. A money-back test will 

ON convince yen. 

PRINT PERMAFILM INCORPORATED 

PERMAPILM INC. OF CALIFORNIA 

COSTS 6446 Santa Monica Bivd. 

Holly wood 38-HO 4-4168 


CRITERION 
FILM LABORATORIES, INC. 


Complete laboratory facilities for 16 

35mm black-and-white and color 

33 West 60th St., New York 23, N. Y. 
Phone: COlumbus 5-2180 


PHOTOGRAPHIC 
INSTRUMENTATION 
Specializing in 
HIGH-SPEED 
Motion-Picture Photography 
Photographic Anslysis s Company 

kk Hill Rd., Clifton, N 
"ee, Prescott 9-4100 


ELLIS W. D’ARCY & ASSOCIATES 
Consulting and Development Engineers 
Xenon-Arc Applications 
Motion-Picture Projection 
Magnetic Recording and Reproduction 


Box 1103, D 


PROFESSIONAL MOTION PICTURE 
PRODUCTION EQUIPMENT 
Cameras, Sound Recording, Editing, 
Laboratory and Affiliated Equip. 


Consulting Services by Qualified Engineers 
Domestic and Foreign 
REEVES EQUIPMENT CORP. 
8 Third Ave., Pelham, N Y. 
Cable: REEVESEQUIP, PELHAMNY 


EAGLE FILM 
LABORATORY, INC. 
(Established 1951) 

A 16MM SPECIALIST LABORATORY 


341 E. Ohio St., Chicago 11, Il. 
Whitehall 4-2295 


SUPPLIERS 
PHOTOGRAPHIC CHEMICALS 
and 


Consultants in Photographic Chemistry 
L. B. Russell Chemicals, Inc. 
14-33 Thirty-First Avenue 
Long Island City 6, New York 
RAvenswood 1-8900 


Complete Color 
lack & White 


an 
l Motion Picture 
mm Laboratory Services 
including 
Sound Recording 


555 North Ave., Oak Park, Ill., EUclid 


1 PHOTOGRAPHIC LABORATORY, INC. 
6-6603 


FILM PRODUCTION EQUIP. 
The world’s largest somes of | supply for prac- 
tically every need for g, 
recording and editing motion picture | films. 
Domestic and Foreign 
$.0.S. CINEMA SUPPLY CORP. 
Dept. TE, 602 W.52St., N.Y.C.-Cable:SOSOUND 
Western Branch: 6331 Holly'd Blvd., Holly’d,Cal. 


16mm, 35mm, 70mm 
Motion Picture Cameras 


High Speed Cameras 
Special Cameras 


Lights 
Pr 


ocessing Equipm: 
Editing Equipment 


GORDON ENTERPRISES 


5362 N. Cahuenga, North Hollywood, Calif. 


ALL 16mm PRODUCERS SERVICES 
Equip. Rentals ¢ Technical Crews 
40 X 70 Sound Stage 


16mm LABORATORY FACILITIES 
Exclusive TRIAD Color Control 
Additive Color Print Process, Plus B 4 W 


SOUTHWEST FILM CENTER 
3024 Ft. Worth Ave., Dallas 11, Texas 


IN THE CENTER OF THE U. S. 
OVERNIGHT 
SmM FLACK & WHITE 
16mm PROCESSING 
"HAROLD'S FILM SERVICE 


Box 929—Sioux Falls, South Dakota 


16mm CENTRAL PROCESSING 
SERVICE 


Anscochrome Ektachrome ER 
Reversal—Negative—Positive 
Printing—Recording—Rental—Editing 
WESTERN CINE SERVICE, INC. 
114 E. 8th Ave., Denver 3, Colo. AMherst 6-3061 


Professional cards available to members. 12 insertions, 2x1 in., $60 
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illustrated good TV projection quality.— 
Frank M. McGeary, Secretary-Treasurer, 
c/o M-P Laboratories, Inc., 781 S. Main 
St., Memphis 6, Tenn. 


The Nashville Section met on January 
16 at the Studios of Baptist Sunday School 
Board in Nashville with an attendance of 
21. Gordon Tubbs of Eastman Kodak Co., 
the guest speaker, discussed ““New High 
Speed Ektachrome Films.” 

This was one of the best meetings to 
date according to audience reaction. Fol- 
lowing Mr. Tubbs’ talk, there was a 
demonstration of the film possibilities by 
projecting samples. The question-and- 
answer period after the speaker’s formal 
presentation branched off into the realm of 
new discoveries in films, equipment and 
processing, with possible applicatiors to the 
future of the industry. This proved to be of 
tremendous interest and the meeting had to 
be forcibly terminated after several hours. 
Several new members were signed to 
SMPTE at this time.—Frank M. McGeary, 
Secretary- Treasurer, c/o M-P Laboratories, 
Inc., 781 S. Main St., Memphis 6, Tenn. 


The New York Section met on March 9th 
at the World Affairs Center Auditorium, 
Carnegie Endowment Center, with an 
attendance of 212. Guest speaker Calvin 
S. McCamy, Chief, Photographic Tech- 
nology Section, Optics and Metrology 
Division, National Bureau of Standards, 
discussed ‘“‘Demonstration of Color Per- 
ception with ‘Abridged Color Projection 
Systems.” 

Mr. McCamy traced the development 
of color theory through the ‘classical 
period” ending in 1802 and then outlined 
the refinements made since that time to 
account for object color perception. He 
quoted from extensive literature (Max- 
well, 1855, Ducos de Hauron, 1895) 
and drew attention to the Helson-Judd 
formulation published in the Journal 
of the Optical Society of America which 
permits computation of the colors per- 
ceived when scenes of any sort, including 
two-color projections, are viewed. 

The visual effects of simultaneous and 
successive contrast, object-color constancy, 
and memory were strikingly demonstrated 
by means of simple spots of light and pic- 
tures. The way in which these effects 
contribute to color perception was indi- 
cated. Colored pictures and charts were 
shown by three primaries and by two 
primaries, one of which was usually in- 
candescent-lamp light as most recently 
described by Dr. Land. 

A number of people in the audience 
reported seeing color in a black-and-white 
picture projected by incandescent-lamp 
light. This phenomenon, which occurred 
when a picture of familiar grocery items 
was projected at a very low luminance, was 
attributed to the effect of memory on 
perception. After showing rather realisti- 
cally colored pictures of the familiar gro- 
cery items by two-primary projection, the 
speaker demonstrated the failure of this 
system to reproduce certain pairs of colors 
and the difficulties encountered with 
exterior scenes with bright skies.—James 
W. Kaylor, Secretary- Treasurer, c/o Movie- 
lab Film Labs., Inc., 619 W. 54 St., New 
York 19. 
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World-Famous Suppli- & B Solicits Your Bid 
ers Of Profession Requests. None Too 


Big... None Too Small. 
Movie E u ment, 


Prices For 


Of Items. 


TENTH 


Used Equipment Sale... | anniversary ... Over 1000 Items 


WRITE TODAY FOR COMPLETE USED EQUIPMENT BARGAIN LIST! 


25mm 2.3 Kinar 


35mm CAMERAS 25mm 12 Cooke § 
mm ooke S.P. 
CAMERETTE (Eclair) 35-16mm outfit, with 4 Kinoptik lenses, Jomm 2.3 Baltar.... 


12v. var. speed motor, 2 400 ft. 35mm mags., 2 400 ft. 
16mm mags., mattebox, etc. LIKE NEW. Val. over $5,000.00... 2,875.00 
SUPER-CINEPHON STUDIO CAMERA, 4 lens turret, direct focus, 
auto shutter, 12v. and 110v. sync. motors, 3 400 ft. mags., 
Mitchell viewfinder, 6 lenses fl. 000 00 50mm, 3,250.00 ? 150mm F4.5 Wellen 
mm mm m, cases, etc. Val. over 
ARRIFLEX |, with metal gate, 2'200 ft. mags., matte box. Zeiss 
lenses, 35mm f2, 50mm f1.5, 85mm f2 sae: 
-_—~—' I 200 ft. mag., matte box, 30mm f1.9, 50mm f1.8, LENSES 


75 1 
EVEMO 710, Spider turret, with 3 lenses, 2 400 ft. mags., motor, “C” mounts 
rum tinder, excellent con 
EYEMO Spider ‘turret, 3 lenses. Mod 71¢ 
EYEMO Spider turret, 3 lenses, with electric single frame . 0 i % $3.00 25mm 
B&H STANDARD 2709, head only 13mm Elita 25mm 3 
mm fl. enon.... mm oma 
16mm CAMERAS 2.5 Elitar 25mm 11.5 Dalmeye 
MITCHELL, with 6 Baltar lenses, 4-400 ft. mags., matte box, finder 17mm 2.7 Raptar ve +50 25mm f1.9 Lumax... 


i i- 6.7” £2.5 Super Comat........ " 25mm f1.5 Elgeet .. 
Ov. var. speed motor, friction head, tripod, baby, hi-hat, 25mm £0.95 Nomina 


ft. mags., all access. like new mm 11.5 Cooke . : mm fl. ar .. 

25mm f1.8 Cooke .. 25mm Xenon .. 
AURICON PRO-600, w. 3 lens turret, 3 lenses, crit. foc., auto : 4” 12.5 Panchrotai 


“ght 3” £2.5 Elitar .... 
par. viewfinder, 2 600 ft. mags., case, etc. ‘‘S’’ Modulite gaivo, 3” 2.5 Raptar 3%" Telekinic 


ampl., all access. like new 
j 4” £4 Dalmeyer ... 138mm Century.. 
AURICON PRO-200, with Pan Cinor 60 lens, V/A galvo and ampl., 4” 2.7 Hypar ... z 6” {4 Wollensak 


access., excellen . 
AURICON 200, black model, silent, sync. motor.. . . 25mm 2.5 Raptar 

AURICON CINEVOICE, compl. with ampl., etc. exc. . 495.00 

CINE SPECIAL |, with 2 lenses, fine cond - J EDITING EQUIPMENT 


Pi , wi , Mitchell finder... 
CINE SPECIAL i with 3 aan ini... NEUMADE CL-35 35mm automatic film cleaning machine 


CINE SPECIAL i, with 2 Ektar lenses, 2 100 ft. mags., 1 200 ft. NEUMADE M38S 16/35mm measuring machine with 35mm ctv....... 
mag., 110v. sync. motor, Blimp, tripod and leg- “lok triangle. NEUMADE 35mm 3 gang synchronizer ime 
Val. $3,200.00 1 .00 NEUMADE HM17 Synchronizer, 1-35mm, 2-16mm bubs.. 

B&H 70DR with 3 fine lenses, like new NEUMADE M-37-S 35mm film measuring machines. 

B&H 7ODL with 3 fine lenses, exc. J NEUMADE table mode! 35mm polishing machines 

B&H 70D with 3 lenses, very good 195. 35mm 

mm Negative rewinders, pair moun on base 
.. with micarta spacers, locks, etc. never used demon- 


strator, worth $250 
CAMERA ACCESSORIES WENZEL clamp type Sdeua ites heavy duty rewinds, surplus, 


AURICON BLIMP and sync. motor for Cine Special set incl. 1 gear end, 1 dummy 
VARIABLE SPEED MOTOR for Cine Spec. 12v.... 
BODINE Sync. Motor for Cine Spec. 115v. BELL & HOWELL aon oD sare 
MITCHELL standard var. speed motor, 110v ac/dc CORE dispensers, 16mm / 35mm 
EYEMO var. speed motor, 110v 
EYEMO var. speed motors, 12 or 24v Electric Film footage counter, 35mm 

PRO, JR. tripods with large friction spring-loaded head... BELL & HOWELL Pedestal 16mm/35mm hot spiicer —. 
MAGNESIUM DOLLY TRACK with pegs and connectors, 10 ft op’ 


: sound head, all with take-ups 
MILLER Model C with Pro, Jr. wee MOVIOLA Mod. ULPV3S; with three 35mm opt. sound heads and 
duty tripod one 35mm picture head with preview screen, with take- -ups 


MOVIOLA Mod. DX, with one 35mm comp. picture and sound head, 
RABY BLIMP with follow focus for NC Mitchell 
AURICON Super Pro tripod with friction head with 35mm opt. and mag. sound head 


HOUSTON-FEARLESS PANORAM DOLLY, 5 wheels 

CENTURY Reig: Mike Booms, 18’ boom SOUND EQUIPMENT 

MITCHELL type matte boxes MAGNASYNC X400, complete, exc. cond 

A Jags. MAGNASYNC Mod. 5, 172mm, complete, exc. cond 
’ Eyemo Mags. 

1000’ B & H Mags. 110.00 1000’ Mitchel! Mags 379 ag 

400’ Maurer Mag 195.00 1200’ Maurer ay AMPROARC 16mm sound Projector, complete with 

100’ Cine Special 127.50 200’ Cine Spec. M amplifiers, stands, arcs, very good pair $1,450.00 

35mm LENSES MISCELLANEOUS 


In Eyemo mounts Large changing bags with zippered covers 
25mm 4.5 Eymax A 75mm 2.3 Baltar Camera Slate with Clapsticks 
25mm 4.5 Wollensak. Si ld 75mm 3.5 Tessar .. = 22.50 F&B Film repair and splicing blocks for 1%", 16mm and 35mm... 
25mm f2.3 Bailtar... 75mm Kinotar .. F&B Splicing blocks for 1%” tape, alum 
25mm f2.3 Moviar 75mm f1.8 Pan Tachar t Leg-lok tripod triangles, with leg clamps. 


. 


. 


compl. accessories. Value $9,000.00 


ew 
3s 


aoe 


Sass 


For Complete Information On Any Item, Write: 


FLORMAN & BABB, INC. 


68 West 45th Street, New York 36, New York - MUrray Hill 2-2928 ~ 
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125.00 100mm f2.5 Cooke D.F.P..... 00 ike 
110.00 100mm f2.9 Illex Cinemat 
Pancro 50 
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00 
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00 
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Two New //1.9 Lenses for 
16mm and Vidicon Cameras 
By G. H. AKLIN 


Wuen Eastman Kodak Company an- 
nounced the 16mm, 100-ft spool camera 
(the K-100), it also introduced two new 
f/1.9 Cine Ektar lenses, a 25mm lens and 
a 50mm lens. These give improved reso- 
lution in accordance with requirements of 
16mm _ motion-picture production, and 
are exceptionally well suited for profes- 
sional work. The field covered by these 
lenses is adequate for use with the vidicon 
tube. 

Along with improved resolution, these 
lenses are matched in spectral transmission 
so that, in changing from one lens to an 
other, there is no appreciable change in 
color balance when using color film. They 
can be fitted to any camera by means of 
suitable adapters. All air-glass surfaces 
are, of course, hard-coated and suitable 
baffling is employed to give maximum 
image contrast and freedom from flare. 

For many years the standard lens on 
Kodak 16mm Cine Cameras was a 25mm 
{/1.9 objective of the modified Petzval 
type. In spite of some shortcomings, this 
lens was very successful and many thou- 
sands were manufactured. In 1948, two 


This paper was presented on October 5, 1959, at the 
Society's Convention in New York, by the author, who 
is with the Apparatus and Optical Div., Hawkeye 
Wks., 20 Ave. E, Rochester 4, N.Y. This paper was 
received on March 19, 1959, 


Cine Ektar lenses of improved construction 
were announced*; a 25 mm //1.4 of the 


4-component 7-element meniscus type, 
and a 4-element 25mm //1.9 lens, offered 
as a lower-priced substitute. Both lenses 
gave much better resolution than the orig- 
inal Petzval type. 

Since the introduction of these lenses, 
the quality of 16mm motion pictures has 
advanced to the point where a better {/1.9 
lens is needed. To meet this requirement, 
a new 25mm /f/1.9 and a new 50mm 
f/1.9 have been designed. These lenses 
were introduced when the Kodak K-100, 
16mm, 100-ft spool camera was announced. 

A sketch of this new 25mm lens (Fig. 1) 
shows its spherical aberration and _ field 
curves. {It is of a 4-component meniscus 
type with 6 elements, in four of which the 
Kodak high-index glasses are used. The 
lens is described in U.S. Patent 2,682,198, 
June 29, 1954. It is designed to cover a 
16mm motion-picture frame (13.7° half 
angle) and also the photosensitive surface 
of the vidicon tube (164° half angle). 

Lens bench examination shows that the 
star images of this lens at full aperture have 
a diameter of 0.006mm on the axis, and 
expand to within 0.012mm at the 14° point. 
At 164° this has 0.018mm. 
The results of a photographic test using a 
high-contrast resolution chart (1000:1 
luminance ratio) at a reduction of 50:1 
on three different emulsions are given in 
Table I. The published resolution values 


* Rudolf Kingslake, “ 


reached 


New series of lenses for 16mm 
May 1949. 


Jour. SMPTE, 52: 509-521, 


Cameras,” 


Table I. Resolution Figures of a Photogr« phic 
Test for the 2imm £/1.9 Using a High Contrast 
Chart (1000:1 Luminance Ratio) at a Reduc- 
tion of 50:1 on Three Different Emulsions. 


Vidi- 

con 

16mm Films f/ Axis 4}° 9° 13$° 164° 
Kodachrome 1.9 63 50 40 32 25 


Movie Film 

Daylight Type 8.0 63 50 50 40 25 
5263 

Eastman Back- 1.9 63 50 50 32 25 


ground-X 

Pan. Negative, 8.0 80 63 63 40 25 
Type 7230 

Eastman Plus-X 1.9 100 80 63 50 32 

Reversal, Type 8.0 100 80 80 63 32 
7276 

Relative Illumina- 60% 40% 
tion 


Table II. Spectral Transmission of Both the 
25mm and the 50mm Lenses. 


25mm 50mm 
400 78% 68% 
450 86 82 
500 88 88 
550 86 88 
600 83 87 
700 80 83 


Table III. Resolution Figures of a Photographic 
Test for the 50mm {/1.9 Using a High Con- 
trast Chart (1000:1 Luminance Ratio) at a 
Reduction of 50:1 on Three Different Emul- 
sions. 


Vidi- 
con 
44° 63° 


40 32 25 


16mm Films f/ Axis 2}° 


Kodachrome 
Movie Film, 

Daylight Type 8.0 63 50 50 50 40 
5263 

Eastman Back- 1.9 40 40 40 40 32 
ground-X 

Pan. Negative, 8.0 63 63 63 50 40 
Type 7230 

Eastman Plus-X 1.9 80 63 63 63 40 

Reversal, Type 8.0 100 80 80 80 63 
7276 

Relative [llumina- 77% 70% 

tion 


1.9 40 40 


obtained on the lenses announced in 1948 
were made using an emulsion that is no 
longer manufactured, therefore it would 
not be practical to make a direct compari- 
son with the new lenses. The relative 
illuminations at and are also 
shown in Table I. 


The 50mm {/1.9 Lens 
In color photography, 


the transmission 
in the blue-violet region between inter- 
changeable lenses on a ‘camera must be 
closely matched to each lens. It can readily 
be seen that if this transmission should 


vary beyond tolerable limits, the color 
balance would then be noticeably dis- 
turbed when changing from one lens to 
another. One may justifiably assume that a 
‘sx having twice the focal length of another 
icns of the same type would also have twice 
the glass thickness, and therefore would 
be expected to show a loss in blue trans- 
mission. For this reason the 50mm //1.9 


= 
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CONTROLLED 
PROCESSING 
FOR ALL BLACK & WHITE... 
FILMLINE CORPORATION, DEPT. JS-60, MILFORD, CONN. | 4 
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Solvent Fils Cleaner 
CLEANS 
your film 
and tape 
* RAPIDLY 


* SAFELY 
* AUTOMATICALLY 


All you have to do is put the film in place and fill the solvent 
tank. The new Unicorn cleaner does the rest automatically —and 
speedily with all scrubbing action taking place below the solvent 
level. It effectively cleans motion picture films (negative and 
positive) and magnetic tape at rates to 300 feet per minute 

with complete safety. Cleaning is accomplished by counter- 
rotating velvet covered scrubbing rollers, effectively 

removing dirt, lint, oil, fingerprints and wax. 


The Model A-5100 is a combination 16/35 mm film cleaner. 
Other cleaners are available for 16 mm film only, 35 mm film only 
and for 70 mm film only. All models include these special features: 


COMPLETELY SELF-CONTAINED. No vacuum pump or outside 
sources of air are required. The Unicorn cleaner is complete 
in itself. 

FLUID CUSHION PROTECTS FILM. The fluid solvent forms a barrier 
between the scrubbing roller and film to prevent scratches and 
abrasions. Only velvet fibres lightly touch the film. 


SPEED CONTROL. Operate at any speed from 0 to 300 feet per Write us for complete information today. 
minute with adjustable speed control. Automatic shut-off Please address Dept. 64 

leaves unit threaded for continuous operation. 

COMPLETELY SAFE. Uses only non-inflammable, non-explosive MANUFACTURED BY 
solvents. Fumes controlled. Automatic shut-off in case of | 
defective splices. 

AUTOMATIC REWIND. Makes necessary torque adjustment as Computer 

reel size increases. Measurements 


LOW COST OPERATION. Solvents are continuously filtered and 2 Company 
reclaimed; waste held to minimum. One pint of solvent cleans A DIVISION OF PACIFIC INDUSTRIES, INC. 
3,000 feet of 35 mm film. 


PRICE. Model A-5100 $5,500 f.0.b. Sylmar, California. 12970 BRADLEY AVE., SYLMAR, CALIFORNIA 
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25-mm 
FANIQ 


SPHER. ABERR. 


HIGH INDEX 
ELEMENTS 


-10+1 mm 


Fig. 1. A sketch of the new 25mm f/1.9 showing the character 
of its spherical aberration and field curves, and the location of 


the high index glasses used. 


lens could not be merely scaled up from 
the 25mm formula, but had to be a new 
design. Requirements include thinner ele- 
ments and, where permissible, more trans- 
parent glasses so that the total absorption 
would match that of the 25mm formula. 
Since this lens must cover 9° as against 
164° for the 25mm design, certain of these 
changes are possible and the desired 
results could be obtained without sacrificing 
definition. Figure 2 shows this new formula 
along with its spherical aberration and 
field curves. 

Figure 3 shows the comparable thick- 
ness differences between these two lenses, 
drawn to the same scale. 

Table II gives the spectral transmission 
of both the 25mm and 50mm lenses. 


50-mm 


SPHER. ABERR. 


FIELD 
TANG. 16° 


lo? 


mm 


FIELD 
TANGA\ [~ 9° 
7° 


#& HIGH INDEX 
ELEMENTS 


| 
“10mm 


Fig. 2. A sketch of the new 50mm f/1.9 showing the character 
of its spherical aberration and field curves, and the location 


of the high index glasses used. 


Lens bench examination shows that the 
star images of this 50mm lens at full 
aperture have a diameter of 0.015mm 
on the axis, and increase to about 0.022mm 
at 7°, and to 0.030mm at 9°. Table III 
gives resolution figures in a photographic 
test similar to that for the 25mm //1.9 
lens. 

In modern practice, all air-glass sur- 
faces are hard coated, and suitable baffling 
methods are employed. The result is that 
a minimum of light is lost in surface re- 
flections and images have maximum con- 
trast free from flare. 

Both the 25mm and 50mm lenses are 
available in S and C mounts. The 25mm 
lens can be focused from 12 in. to infinity 
and the 50mm lens from 24 in. to infinity. 


TEL-Animastand with Electronic Zoom 
ANIMATION and SPECIAL EFFECTS CAMERA STAND 


Greatest Value in the Low Cost Field! 


25-mm 


Fig. 3. The comparable glass thickness 
differences between the 25mm and the 
50mm lenses drawn to the same scale. 


50-mm 
F/\.9 


Installations throughout the world! Embodies features of photo enlerger, 
movie camera, micrometer, railroad roundhouse, and all movements associ- 
ated with much higher priced stands. Optical effects such as pans, angles, 
zooms, quick closeups and every variation for trick photography aa art 
work can be produced with precise registration. A camera fitted to a move- 
able counterbalanced vertical carriage photographs the artwork. Takes 
even the heaviest 16mm or 35mm camera (Acme with stop motion motor il- 
lustrated) 


Includes four Veeder Root counters which calibrate 18” north/south move- 
ment. 24” east/west travel, and zoom movements to the Art Table or Cel 
Board. Ideal for Motion Picture Producers, Animators, Special Effects 
Laboratories, TV Stations, Advertising Agencies, Art Depts., Etc. 


New Electronic Zoom Control 


Features: 


@ Adjustable Dynamic Braking. 


© Constant Motor Torque at eny speed. Fig. 4. Quarter section drawings of the 


@ Instant Response at any position 25mm and 50mm lenses in C mounts. 


@ Infinite Variable Speeds 
Basic Title Stand 


Basic Stand with Com- 
pound $2995 


Basic Stand, Compound, Elec- 
tric Zoom 


The new-type diaphragm wings are used 
so that an extended diaphragm scale for 
the small apertures is obtained, the small- 
est aperture in both cases being //22. 
All mounts have click stops and depth-of- 
field scales. Figure 4 shows a quarter sec- 
tion of both the 25mm and 50mm lenses 
in C mounts. 

The assistance of my colleagues who 
furnished drawings and data in the prepara- 
tion of this paper is gratefully acknowl- 
edged. 


$1495 


$3740 
$750 


Electric Zoom 
TEL-Animastand with 
TEL-Anima sliding 


cel board rotated at 45° 


S.0.S. CINEMA : SUPPLY CORP. 


Dept. T, 602 WEST S2nd ST., NEW YORK 19, N. Y.—Phone: PL 7-0440 
Western’ Branch: Holly’d Bivd., Hollywood 28, Calif.—Phone: HO 7-2124 


®Reg. Trademark Write for brochure 
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Products 


Cand developments) 


Further information about these items can be 
obtained direct from the addresses given. As in 
the case of technical papers, the Society is not 
responsible for manufacturers’ statements, and 
publication of these items does not constitute 
endorsement of the products or services. 


The Cameraflex 35mm boresight camera 
designed to photograph the target being 
tracked by a radar set is distributed by 
Camera Equipment Co., 315 W. 43 St., 
New York 36. The camera has a register 
pin movement and a reflex shutter prin- 
ciple whereby the action may be viewed 
through the taking lens while the camera is 
in operation. A variable shutter mecha- 
nism allows a maximum of 60° and a mini- 
mum of 13° opening. The shutter mecha- 
nism is driven through a_ differential 
drive which controls a return pulse con- 
tractor, giving a return pulse at precisely 
midpoint, regardless of the degree of 
shutter opening. 

The camera is driven by a synchronous 
motor which operates the camera at a 
constant speed of 24 pictures/sec. It can 
also operate at a rate of 10 pictures/sec, 20 
pictures/sec, or 30 pictures/sec. It can also 
use a pulse-driven speed up to 10 pictures/ 
sec. A built-in data recorder allows the 
recording of binary coded information. 
Binary coded words, timing data and 
event marking pulses can be fed through 
the data recorder on separate tracks. 

Other features include either 40-in. or 
80-in. catadioptric lens, 200-ft or 400-ft 
magazines, gear driven by a separate 
torque motor; a radar-secondary mount 
with provisions for azimuth, elevation and 
camera-focusing adjustments. 


70mm data recording motion-picture 
films are being studied by Technicolor 
Corp., 6311 Romaine St., Hollywood 38, 
with a view toward possible modification 
of one of the processing machines to ac- 
commodate 70mm data recording films 
in both color and black-and-white. Most 
of these films carry 1956 ASA Type I 
perforations. The firm has, for several 
years, been engaged, among other activ- 
ities, in the production of 70mm color 
release prints. Fred H. Detmers is in 
charge of information for prospective 
users of the system. 


QUALITY FILM PRINTING 
With These New High Speed 


Fully Automatic 


SHUTTER 
SYSTEMS 


PUNCH TAPE CONTROL 


New high standards of quality in motion 

picture printing are now possible! Under this 
system a high speed shutter moves accurately and 
dependably through the entire range of printer light 
settings from 0 to 22... at increased printer speeds! 
It automatically adjusts to short scene and extreme 
light changes controlled by the Hurletron Tape 
Reader. Output per man hour is greatly increased 
and human errors due to fatigue 
are eliminated! 


Program intelligence control tape 
produced on the Hurletron Dial- 

Matic Perforator provides a perma- 

nent accurate control of all necessary 
printer, fader and shutter functions. 
The Hurletron Tape Reader can also be 
adapted for use with any punch tape code. 


PROGRAMMING 
BOARD CONTROL 


The automatic Hurletron Programming Board 
Control provides the same excellent performance as 
the tape system. Once preset to the original, it will 
produce the number of quality film prints neces- 
sary without resetting . .. ideal for loop printing! 
It is lower in initial cost. 


Installation of all these Hurletron units is 
simple and easy. A Hurletron Field Service En- 
gineer is available to assist in installing and 
training of operators as part of our complete 

service. Write today for complete details. 


ELECTRONIC SYSTEMS, INC. 


* Subsidiary of 
@® ELECTRIC EYE 
: EQUIPMENT COMPANY 


DANVILLE, ILLINOIS 
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ONLY 


ICHIZUKA’S TV LENSES 


OFFER you 


QUALITY and 
RELIABILITY 


At amazingly low price 


L Highest lens resolution well 
beyond reproduction capabili- 
ties of the vidicon tube 

U Sufficiently cover the vidicon 
format 

t More than 60% relative il- 
lumination at the format 
corners even at full aperture 

Excellent aberrational cor- 
rection throughout the entire 
receptor area 


Plus many other exclusive 
features 
COSMICAR 
STANDARD LENS: 
25mm £/1.4 
25mm £/1.9 
WIDE ANGLE LENS: 
12.5mm €/1.4 
-12.5mm £/1.9 
A 15.8mm €/1.4 
TELEPHOTO LENS: 
50mm £/1.4 
50mm £/1.9 
75mm €/1.4 
75mm /1.9 
All available in C-mount 
Specially designed for use on 1-inch 
vidicon TV camera 


NOW AVAILABLE 
IN PRODUCTION QUANTITIES 


by well-known 8mm & 16mm 
movie lens manvufacturers...... the 
only firm presenting wide range 
of vidicon camera lenses and 
16mm movie lenses in Japan 


Write for further details, prices, and 
your specific requirements to 


ICHIZUKA OPTICAL 
IND. CO., LTD. 


568,2-CHOME, SHIMOOCHIAI, SHINJUKU-KU 
TOKYO, JAPAN 
CABLE ADDRESS: "“MOVIEKINO” TOKYO 
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An electronic flash unit, Model 357, 
developed primarily for use with the Model 
326 Dynafax High-Speed Camera _ has 
been announced by Beckman & Whitley, 
Inc., 973 San Carlos Ave., San Carlos, 
Calif. A compact portable unit, designed 
to be easily handled, it has a 1200-w/sec 
capacity which gives sufficient light in- 
tensity to cover an area up to 2 sq ft with 
l-usec exposure. The duration of the 
flash can be controlled to correspond to 
the writing time of the camera. Wave- 
form of the light pulse is square to provide 
even illumination on all frames. Duration 
settings are 8.70, 11.15, 14.75, and 22.25 
msec. Rise and decay times of the pulse 
are in the order of 40 msec. The flash 
unit may be triggered from a normally 
open or normally closed switch, positive 
pulse, or photoelectric cell. An _ addi- 
tional feature is a modeling light which 
operates at 60 flashes/sec for use in framing, 
focusing, and light arrangements. Oper- 
ation is from a 115-v, 60-cps, 5-amp in- 
tegral power supply. The flash unit is 
priced at $1950. 


A system of processing motion-picture 
film within the camera, based on the 
use of chemically presaturated paper 
material, has been announced by Special- 
ties, Inc., Skunks Misery Rd., Syosset, L.I. 
The system, called Rapromatic processing, 
involves the application of a processing 
solution to an emulsion by sandwiching 
the photographic material with a paper 
web saturated with chemicals. This paper 
web is called Raproroll. The process 
was developed specifically to enable quick 
access to recorded .data, instrumentation 
records and other industrial photographs. 
It is presently available on a production 
basis for 16mm film. In the magazine- 
processor, the Raproroll and -exposed film 
or photographic paper are pressed together 
in intimate contact under nominal pres- 
sure. The paper releases its liquid under 
pressure and the liquid is accepted by the 
emulsion. The required quantity of solu- 
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tion is carefully controlled by web thick- 
ness and composition to prevent dripping. 
The film is immediately developed and 
can be projected on a screen in less than 
60 sec after shooting. The process is 
distributed in the west by Traid Corp., 
17136 Ventura Blvd., Encino, Calif. 


A magnetic tape system capable of 
recording and reproducing both analog 
and pulse signals has been announced 
by Minicom Division of Minnesota Mining 
and Manufacturing Co., 2049 S. Barring- 
ton Ave., Los Angeles 25. The 7-track 
system, called the CM-100 Video Band 
Recorder/Reproducer, is packaged in 
a single, standard-size rack and offers 
selection of six speeds ranging from 
74 to 120 in./sec on single }-in. tape. 
Each of the seven video tracks covers an 
overall bandwidth of 400 cycles to 1.0 
mc with greater frequency response. 
Examples given in the announcement: 1.0 
me at 120 in./sec; 500 ke at 60 in./sec. 
Compactness of the system is achieved 
by combining electronics for both recording 
and reproducing in a single unit for each 
track. 


i 
The Sonocolor SCF 2 Striping Machine 
for the coating of magnetic tracks on 
motion-picture film is a product of Sono- 
color, 54 Avenue de Choisy, Paris 13, 
France. The machine, designed for heavy 
industrial service, is used to apply full 
coating on unprocessed films and single- 
or multi-tracks on processed films after 
development. Requiring only one operator, 
the machine has an_ interchangeable 
coating head assembly so that films of all 
widths can be coated and one or several 
tracks can be deposited. The machine is 
completely self-contained and _ requires 
less than 11 sq ft of floor space. 


The Communications Idea Center lo- 
cated at 5137 Broadway, Chicago, is a 
development of Wilding Inc., 1345 W. 
Argyle St., Chicago, producers of indus- 
trial motion pictures, and its subsidiary, 
Commercial Picture Equipment, manu- 
facturer of portable equipment for business 
communications. The Center is equipped 


SMPTE Lapel Pins. Gold and blue enamel 
reproductions of the Society symbol, with 
screw back. Available to all members from 
Society headquarters. Price $4.00 incl. Fed. 


Tax; in New York City, add 3% sales tax. 
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with an 18-ft turntable for demonstrations 
and presentations. Recent demonstra- 
tions include a punched-tape device for 
automatic control of a sales presentation 
by opening and closing curtains, turning 
lights on and off and starting and stopping 
projectors. Called Automatic Program 
Control (APC), it is designed primarily 
for field use. Among other presentations 
is the two-projector motion-picture tech- 
nique on a wide screen, synchronized with 
right and left images, each with separate 
sound to permit conversation to be carried 
on between actors in both images. Other 
presentations include Trigger-Strip slide- 
film to provide animation; Vista-Strip, a 
slidefilm device producing images that 
seem to flow across the screen, and Vista- 
Sell, a device for use in markets, railroad 
stations, airline terminals, using a moving 
color filmstrip. 


The International Trade Fair (April 
9-26) at Osaka, Japan, features a color 
Ampex Videotape Recorder in constant 
operation throughout the Fair, recording 
and playing back immediately the ap- 
pearance of Japanese and American 
celebrities and representatives of other 
countries attending the Fair. The studio 
at the Osaka Fair utilizes a General Electric 
color camera as the program source for 
the - recorder. Closed-circuit demonstra- 
tions are scheduled for broadcast over 
television stations in Osaka. In addition 
to recordings made within the studio, a 
number of prerecorded color tapes are 
being used for closed-circuit playback for 
visitors to the Fair. 


A magnetic tape recorder that auto- 
matically changes tape cartridges was 
demonstrated by the inventor, Marvin 
Camras, senior engineer at the Armour 
Research Foundation of Illinois Institute 
of Technology, at the annual convention 
of the Institute of Radio Engineers, March 
17, in New York. The cartridge, 33 in. in 
diameter, contains a }-in. magnetic tape 
with leader tapering from 0.25 in. to 0.34 
in. Its central opening fits present re- 
corders. The cartridge is said to be uni- 
versal in respect to speed, tape width, and 
single- or multi-channel operation. On 
the inner side of each flange of the cart- 
ridge, a bead is molded which holds a 
wide Mylar end-leader securely in place, 
sealing the inside to protect the tape from 
dust. The }-in. recording tape passes 
through the flanges with ample clearance 
after the leader has been unwound. A 
leader at the inner hub actuates the auto- 
matic reverse or rewind operation. 
Protection against accidental erasure is 
provided by a safety groove in the bottom 
of the cartridge. If this groove is present, a 
“‘feeler’’ enters it when the machine is 
switched to recording position, allowing 
normal erasing or recording. Unrecorded 
cartridges are molded with this groove; 
recorded cartridges are not. A removable 
insert is provided, so that protection may be 
added after a cartridge has been recorded. 
A member of the Society, Mr. Camras is 
the author of several papers published in 
the Journal, including ‘“‘Magnetic Sound 
for Motion Pictures’ (pp. 14-28, Jan. 
1947), and “Magnetic Sound for 8mm 
Projection” (pp. 348-356, Oct. 1947). 


ED BENHAM, Chief Engineer 
KTTV-L.A., reports On: 


QUALITY. 


“Here at KTTV, Conrac’s consistent high quality has 
proven time and time again that Conrac’s complete 
range of professional monitors and receivers are the 
best possible viewing investment for us.” 

At KTTV, as in hundreds of other television stations, 
this dependable, uniform Conrac quality means consist- 
ently excellent video response — plus, sharply reduced 
maintenance costs. 


Every Conrac monitor 


from 8” through 27” ; 
BROADCAST includes these important features: 


or UTILITY * Video response flat to 8 megacycles 
* DC restorer — with “In-Out” switch 


* Provision for operation from external 
sync—with selector switch 


* Video line terminating resistor and 
switch 


Conrac Monitors Are Distributed by 
Ampex, General Electric, RCA and 
Visual Electronics 


VISIT CONRAC, 


CONRAC, 


NAB SHOW, 
Makers of Fine Fleetwood Home Television Systems CHICAGO 


Dept. K, Glendora, California 
TELEPHONE: COVINA, CALIFORNIA, EDGEWOOD 5-0541 
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The Bolex Sonorizer, a magnetic sound 
unit for recording and playing back 
sound directly on 8mm film has bee. 
introduced by Paillard, Inc., 100 Sixth 
Ave., New York 13. To be used in combina- 
tion with the Bolex M-8 and many other 
8mm _ projectors, the unit features two 


separate inputs connected to a built-in 
mixer, and an automatic fade-out and 
overplay device for superimposing one 
sound over another on a single recording 
track. The unit records the sound on a 
30-mil-wide magnetic stripe applied to the 
edge of the film outside the perforated 
holes after the film is processed. The point 
of recording and playback is at the sound- 
head which forms a “third reel,” the film 
traveling through it before entering the 
film gate. The soundhead works on 
the pull-through principle. The film 
passes over a sound roller which maintains 
even pressure against it by means of a set 
of double pendulum rollers. The sound 
roller drives a dy amically balanced fly- 
wheel inside the soundhead. The unit, 
complete with case weighs 28} lb and 
measures 10 by 12 by 14 in. It is priced at 
$250. 


An 8mm sound motion-picture projector 
incorporating a complete system for 
recording and playing back magnetic 
sound on both old and new 8mm film has 
been announced by Eastman Kodak Co. 
and is the subject of a paper scheduled for 
presentation at the forthcoming Conven- 
tion in Los Angeles. The projector has 
a number of unusual features. The magnetic 
head used in the sound system is made of a 
new metal called Alfenol which has an 
estimated life span of thousands of hours. 
The magnetic head is only 20 mils wide — 
less than the width of the magnetic striping 

to eliminate “edge tracking’ and to 
assure better sound quality. A non-axial 


OMNITARS 


Focal Lengths 
125mm to 1000mm for 
16 and 35mm fields 
300mm to 1000mm for 
16, 35 and 70mm film 


Lens to Camera 
Cradles for: 
Mitchell 16 and 35 
Arriflex 16 and 35 
Fastax 
Photo-Sonics 
Hulcher 

Filmo and Eyemo 


Fits all cameras: 

16, 35, or 70mm: 
Mitchell 

Arriflex 

Bell & Howell 
Photo-Sonics 
Benson-Lehner 
Hasselblad, Asahi, etc. 


OMNISCOPES 


Five Element Monocular 
Finders Match 
All focal lengths 
Reticles Scribed for 
16, 35, and 70mm film 


in 125mm, 
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An Integrated Lens - Camera - Cradle - Finder Package 
Fitting Telephoto Lenses to All Film and TV Cameras 


OMNITAR 


A range of fast television lenses for 1-O 
TV comeras with RCA mounts is available 
150mm, 200mm, 400mm and 
600mm lengths. Speeds F2.8 to F5 


Write for prices and illustrated color brochure 


BIRNS & SAWYER 


6424 SANTA MONICA BOULEVARO HOLLYWOOO 38 TELEPHONE HOlywood 45166 


OMNIDAPTER 


The color saturation, brill- 
iance and contrast of the 
Omnitor lenses are second to 
none. The range of focal 
lengths, versatility, adapters 
and finders make the Birns & 
Sawyer Omnitar family the 
most complete lens system 
available anywhere. 


CINE EQUIPMENT 
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500-w projection lamp is used to provide 
illumination for screenings five feet wide, 
and a lower light level of 250 w can be 
used when recording. The operator can 
erase, re-record, or playback sound at will. 

There are two basic controls for the 
sound system, a play/record switch and a 
volume control knob. For projection, 
separate switches are supplied for motor 
and lamp, and a single rotary switch 
controls forward and reverse projection, 
‘‘stills,’ and power rewind. The projector 
is priced at $345. 

A new Kodak Sonotrack Coating service 
for processed 8mm Kodachrome film has 
also been announced. The magnetic 
oxide coating is applied between the film 
edge and perforations of the processed 
film. 

Also announced is a self-threading 8mm 
projector, the Brownie 8 Movie Projector 
(Model A15). A pulldown claw and a 
fixed film guide assembly lead the film 
through the gate and onto the 200-ft 
take-up reel. The projector is priced at 
$54.50. 


A variable-focus lens with a range of 
20mm through 80mm has been announced 
by Traid Corp., Box 648, 17136 Ventura 
Blvd., Encino, Calif. The lens will fit any 
16mm camera with a ‘‘C” mount. The 
lens is 44 in. long with a diameter of 2 in. 
The iris is constant at f/2.5 for all focal 
lengths. The focusing scale is 48 in. to 
infinity. Price of the lens is $335.00. 


A line of projection lenses for 8mm and 
16mm projectors is designed and manu- 
factured by J. H. Dallmeyer, Ltd., Willes- 
den, London, N.W. 10. Ranging in length 
from 20mm to 102mm, and with some two 
dozen different mounts, the lenses are 
described in a set of leaflets available 
upon request from the firm. The London 
firm is now in its one hundredth year. 
In 1860 the founder of the firm, John 
Henry Dallmeyer, was granted a patent 
for a Triple Achromatic lens consisting of 
three cemented doublets. 


The Rondo 8mm Movie Editor has been 
announced by Service Photo Suppliers, 
Inc., 33 E. 17 St., New York 3, distributor 
for Rondo Products, Japan. The editor 
features winding arms, folding flat against 
the housing for easy storage, with a full 
400-ft reel capacity. The forward crank 
has a 1:1 ratio and the rewind crank has 
a 3:1 ratio. It is priced at about $34.95. 
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A device called Inter-Sync is used to com- 
bine the output of two or more Ampex 
Videotape Recorders in precise synchroni- 
zation. Announced by Ampex Professional 
Products Co., Video Products Div., Red- 
wood City, Calif., the unit replaces the 
standard drum servo unit in the Ampex 
recorder. In addition to combining the out- 
put of the recorders, the Inter-Sync will 


A two-purpose 8mm projector called the 
Kalart VP-88 shows movies on a built-in 
viewer as well as on a projection screen. 
Introduced by Kalart Co., Plainville, 
Conn., the device has a control lever 
which is used for forward and _ reverse 
when projecting on a screen, and forward, 
reverse and still when projecting on the 
built-in viewer. The picture can be 
switched from screen to viewer while the 
projector is in operation by means of a 
viewer lever. It is priced at $89.50. 


A 70mm lens attachment for the Camex 
8mm single-lens reflex camera has been 
announced by Karl Heitz, Inc., 480 
Lexington Ave., New York 17. The attach- 
ment, called the Retro-Zoom is used to 
convert the varifocal Angenieux-Zoom 
lens from 17.5-70mm //2.2 to 12.5-50mm 
for a zoom range from standard lens to a 
telephoto lens of 6X magnification. The 
attachment permits focusing from infinity 
down to 2} ft. It is priced at $99.00. 


The Weston Master IV, an exposure 
meter designed to combine sensitivity with 
rugged construction, has been announced 
by Weston Instruments Division of Days- 
trom, Inc., 50 Church St., New York. 
Features include a simplified exposure dial 
using only numbers found on modern 
cameras; on-off pointer lock, and a 
converter for incident light readings. While 
the meter can be used conventionally with 
free pointer movement, the on-off button 
permits locking the pointer when taking 
incident light readings, for instance, 
in extremely low light locations. 


synchronize the playback of one or more re- 
corders with the output of camera, film 
chain, network feed or other signal source. 
The device is said to lock the playback of a 
tape machine horizontally, line for line, to 
other TV sources as well as vertically, field 
for field. This permits electronic editing of 
TV tape and suggests numerous special 
effects applications. 


A storage cabinet for video tape has been 
announced by Neumade Products Corp., 
250 W. 57 St, New York 19. The units ac- 
commodate 6-, 8-, 12}- and 14-in. tape reels. 
Facilities for library storage, transient 
editing and ‘‘on the air” program filing 
are included. 


Accessories for home or amateur use 
produced by Kalimar Inc., 1909 S. 
Kingshighway, St. Louis 10, include the 
Minette 8mm _ Viewer-Editor the 
Kalimar Auto Memo. Exposure Meter. 
The viewer-ed'tor features a 2} by 2-in. 
frame area, simplified threading and built- 
in marking device. It is priced at $34.50. 
The exposure meter features a_ built-in 
*‘memory” indicator that holds the light 
reading as long as desired. It is priced at 
$14.95. 


Two models of a ‘‘thin-trim’’ inconspic- 
uous professional microphone have been 
introduced by Electro-Voice, Inc., Bu- 
chanan, Mich. The E-V 652 and 652A 
are dynamic-type microphones with a 
length of semirigid tubing to bring the 
microphone close to the user while the 
stand remains out of the way. The micro- 
phone can be tilted through a 120° 
arc with respect to the stand coupler. 
Two clear plastic baffles that fit on the 
head of the microphones are provided to 
add directivity and boost brilliance at the 
6000-cps range. Model 652 has an overall 
length of 24 in. and weighs 10 oz. The 652A 
is 15 in. long and weighs 8 oz. The long 
necks are of a nonreflecting Nicaloy finish 
and are ; in. in diameter. Both micro- 
phones have an output level of —60 db 
and are designed to match all low-imped- 
ance inputs. A UA3-12 cable connector, 
20 ft of three-conductor shielded cable and 
Model 300 stand coupler are included. 
Each of the microphones is priced at 
$120.00. 


A monochrome television camera utilizing 
a 4}-in. image orthicon has been an- 
nounced by Radio Corp. of America. 
Designed for stability and _ simplicity 
of operation, the camera employs orly 


MORE LIGHT OUTPUT... 


WITH NO HOT SPOTS! 


CINE-LIGHT 


2508 


The powerful lifetime nickel-cadmium 
batteries in the Cine-Light 250B offer 
you a full 25 minutes lighting time at 
250 watt output with each battery 
charge. Color balance is preserved 
throughout — positively won't wash 
out. The most powerful unit you can 
carry — Cine-Light weighs just 14 
pounds, complete with Transistor 
Controlled battery charger. Shoot 
anywhere, any weather. Attaches to 
bracket provided, or fits any 12” 
mounting tube. Batteries easily 
accessible. 

Write for full details on the rugged 
Cine-Light 250B, plus list of author- 
ized Cine-Light dealers. 


ELECTRO 
POWERPACS 
INC. 


A subsidiary of Hydra — Power Corporation 
5 Hadley Street, Cambridge, Massachusetts 


ELECTRO POWERPACS. INC 
5S HADLEY STREET, CAMBRIDGE 40, MASS JTV-2 


Gentlemen: 
Please send me complete infor- 
mation on the Cine-Light 250B. 
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CLASSIFIED ADVERTISING 
First 3 lines $5.00 
Each additional line $1.00 
per inch $13.00 


TIME-LAPSE STUDIO. With attached execu- 
tive home, 5 yrs old, 2600 sq. ft. automatic green- 
house, lavish tropical landscaping, 2 mi. from Dis- 


neyland. Also lient for tion, research, 
tax deduction. Write Val, 9722 Royal Palm Bivd., 
Garien Grove, Calit. 


FOR SALE—1200-ft AURICON, complete witb 
case; V.D. GALVANOMETER; 17-70 P. CINOR 
lens with case; AURICON tri ; dolly with case. 
Write to: Robert N. Rockw , 2449 Third Ave. S., 
Minneapolis 4, Minn. 


two main operating controls. Essentially 
all setup controls are located within the 
camera rather than in a separate master 
console. Even with the centralized con- 
trols the camera weighs only 130 Ib. 
Nuvistor tubes (p. 358, May 1959 Journal) 
are used in the video preamplifier and 
elsewhere. The camera chain includes a 
self-contained intercom with its own power 
supply. This may be interconnected with 
the studio intercom system or operated 
independently. The big picture tube 
involved the use of a large target and a 
relatively small photocathode, the same 
size as the photocathode on the 3-in. 
tube, so that the lenses on the new camera 
need be no larger than those on preceding 
ones. Electronic magnification produces the 


large image at the target, resulting in a 
corresponding increase in picture resolution 
for finer detail. 


A new testing device, the ServiShops 
Motion Analyzer Mark III, used for 
testing all types of photographic equip- 
ment, has been announced by National 
Camera Repair School, Box 174DO, 
Englewood, Colo. Two other items, a 
collimater (lens-testing device) and a low- 
priced photoflash synchronization tester 
called the ServiShops Syncrotester have 
been announced. 


A closed-circuit paging system, a develop- 
ment of Giantview Television Network, 
901 Livernois, Ferndale 20, Mich., con- 
nects Convention Hall in Atlantic City, 
N. J. with all rooms in major hotels and 
motels in the area. Main use of the system 
is that of paging convention delegates. 
Paging requests are processed through a 
center in Convention Hall. Names of 
persons being paged are typed on cards 
bearing sponsor identification and placed 
on a drum. Rotation will allow for 7-sec 
exposure of each name being paged until 
the page is answered by a call to the center. 
The system is also used for special programs, 
announcements, and advertising. 


Microphone Facts is a monthly newsletter 
written by Lou Burroughs, Vice-President 
of Broadcasting and Recording Equip- 
ment, Electro-Voice, Inc., Buchanan, 
Mich., containing discussions of individual 
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problems, new ideas and developments. 
The January newsletter discusses uni- 
directional microphones. Copies of Micro- 
phone Facts may be obtained by writing to 
Mr. Burroughs. 


The 5th edition of the Mood Music 
Catalogue has been issued by Thomas J. 
Valentino, Inc., 150 W. 46 St., New York 
36. The catalog is designed for easy 
reference and provides details and de- 
scriptions for each recording, including 
timing, specific purpose of each cut, a 
brief description of theme, mood and 
tempo, and rates. The catalog is available 
upon request to the company. 


Space Data Inc., 8921 Sepulveda Blvd., 
Los Angeles, has been appointed sales 
distributor for the closed-circuit television 
equipment of the GPL Division, General 
Precision Laboratory Inc., Pleasantville, 
N.Y. 


Four- and six-channel magnetic theater 
sound systems are described in a four- 
page illustrated brochure published by 
Ampex Professional Products Co., Audio 
Products Div., 934 Charter St., Redwood 
City, Calif., and available upon request. The 
brochure emphasizes the use of six-channel 
stereophonic sound for 70mm wide-screen 
production. Details are given on the com- 
pact station control units designed to sim- 
plify operating procedures. These simplified 
control units were the subject of a paper by 
George B. Goodall, ‘‘Modern Control of 
Theater-Sound Equipment,” presented at 
the Society’s 1959 Fall Convention in New 
York, and published in this issue of the 
Journal. 


The Labmaster Film Processors are de- 
scribed and illustrated in a brochure issued 
by Houston Fearless Corp., 11801 W. 
Olympic Blvd., Los Angeles 64. The three 
basic black-and-white models, all of modu- 
lar construction, are the negative-positive 
(16mm or 16/35mm); reversal (16mm), 
and microfilm (16mm or 16/35mm). The 
brochure is available upon request. 


The Audio-Visual Equipment Catalog 
#297 is available from Genarco Inc., 97-04 
Sutphin Blvd., Jamaica 35, N.Y. Various 
types of equipment are described and il- 
lustrated including 3000-w slide projectors 
and electric slide changers for 3} by 4-in. 
slides. 


A four-page price list for the company’s 
line of TV broadcasting, repeating, micro- 
wave and communications systems is avail- 
able from Adler Electronics, Inc., One Le 
Fevre Lane, New Rochelle, N.Y. 


The Optics of Projection, No. 8 in the 
series of bulletins issued by National Car- 
bon Co., Division of Union Carbide Corp., 
30 E. 42 St., New York 17, discusses im- 
portant points to be considered in correlat- 
ing the light source with the optical system. 
The 8-page bulletin contains 19 illustra- 
tions. The discussion considers first the 
Formation of the Image on the Screen; and 
second, Illuminating the Wide Film Aper- 
ture and Film. 
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employment 
service 


These notices are published for the service of the 
membership and the field. They are inserted 
three months, at no charge io the member The 
Society's address cannot be used for replies. 


Positions Wanted 


Motion-Picture Technician, Timer. Age 35, 
12 yrs experience in all phases laboratory work, 
processing supervision, sensitometric control, 
some knowledge camera work and animation. 
SMPTE member. Desire permanent position 
with Jaboratory or TV _ station. Complete 
resume on request. Gunter J. Hackert, c/o 
Oskar Ernst, 213 East 81 St., New York 28. 


Cinematographer. 25 yrs experience black-and- 
white and color, 35 & 16mm; 5 yrs theatrical 
production in Europe; 20 yrs industrial, com- 
mercial, educational and documentary films; 
recently worked 12 yrs with General Motors 
Audio-Visual Photographic Dept.; further back- 
ground information available. Desires con- 
nection with producer of industrial, educational 
or travel films. Free to travel; speak several 
languages. J.P.H., Box 375, College Park 
Station, Detroit 21, Mich. 


Producer-Manager or Laboratory Produc- 
tion Supervisor. Independent producer in 
16mm sound films and industrial and color still 
photography desires position with large company. 
No capital to expand plus limited market prompts 
move. Married, 28 yrs old. B.A. and part M.A. 
in communications. Experienced PR man. Ex- 
Marine. Best of references. Owns complete 
motion-picture and still production and lab 
equipment. Résumé on request. Write: DH, 
Box 118, Missoula, Mont. 


Writer-Director-Film maker, winner of numer- 
ous national and international awards and ex- 
perience in entertainment, TV, industrial, and 
educational fields desires challenging assign- 
ment. Write 12625 Hatteras St., North Holly- 
wood, Calif., or phone YUcca 2-2910, Santa Fe, 
N.M. 


Television Producer-Director. With a broad 
background in both educational and network 
level commercial television. Experience in radio 
production and sales, and also a_ knowl- 
edge of merchandising. Both B.A. and M.S. 
degrees Currently employed, but willing to move 
to a position where hard work and ability will 
lead the way to opportunity. Willing to locate 
anywhere in the U.S. Married. Résumé and refer- 
ences supplied on request. Write: Richard R. 
Ferry, Apt. 112, 14 Buswell St., Boston, Mass. 


Motion-Picture Production Associate. Univ. 
S. Calif., Dept. of Cinema, graduate, age 26. 
Experience as cameraman, editor and sound 
mixer with National Educational Television 
and Radio Center at Univ. of Illinois Math 
Study. One yr project ends July 1, 1960. Desire 
permanent position as cameraman, editor or 
sound mixer. Resume and references on re- 
quest. John A. Werner, 317 S. Russell St., 
Champaign, III. 


Positions Available 


Instrument Design Engineer. To assist with the 
design of high-speed motion-picture cameras 
and related products. Degree required in 
mechanical or electrical engineering with four 
yrs minimum design experience. A challenging 
position with a growing company. Write: 
T. H. Truesdell, D. B. Milliken Co., 131 N. 
Fifth Ave., Arcadia, Calif. 


Television Engineer. GS-855-12, $8810 per yr. 
To plan, design, coordinate, test and evaluate 
television equipment for military applications. 
Position will require about 50% traveling 
within and possibly outside continental limits of 
U.S. Applicants must have either 4-yr academic 
engineering training with bachelor’s degree, or 
equivalent experience or combination of college 
training and experience; in the latter cases a 
written test will be required. Also, Sound Record- 
ing Equipment Operator Foreman for TV Divi- 
sion, $4.09 per hr; TV Video Equipment Op- 
erator Foreman for Television Division, $4.25 
per hr. For all positions, Standard Form 57 
(Application for Federal Employment), obtain- 
able from the U.S. Civil Service Commission 
or any Post Office, should be completed and sent 
to: Civilian Personnel Office, Army Pictorial 
Center, 35-11 35th Ave., Long Island City 1, 
N.Y. RA 6-2000, Ext. 238. 


Equipment Technicians, To maintain, service, 
repair all types of mechanical and electronic 
production equipment. Excellent salary and 
opportunity to advance with expanding organ- 
ization. Write fully, all letters kept in strict 
confidence: Arthur Florman, Florman & 
Babb, Inc., 68 West 45 St., New York 36. 


Equipment Salesmen. To cal! on industry, 
government, film producers. Must be willing to 
travel. Excellent salary and opportunity to 
advance with expanding organization. Write 
fully, all letters kept in strict confidence: Arthur 
Florman, Florman & Babb, Inc., 68 West 45 St., 
New York 36, 


Optical-Photographic Engineers. Excellent 
opportunities for optical and photographic 
engineers with or without experience in optical 
instrumentation, photographic optical systems 
and cinematography. Mechanical aptitude de- 
sired but not required for these engineering posi- 
tions. Send resume to Ellis P. Faro, c/o Scien- 
tific Employment, Bausch & Lomb Optical Co., 
635 St. Paul St., Rochester 2, N. Y. 


Photo Chemist/Chemical Engineer. Outstand- 
ing, creative opportunity for graduate chemical 
engineer or photo chemist with broad basic 
knowledge of processing techniques and solu- 
tions including minimum of 2 yrs experience with 
image transfer materials. Desire ambitious en- 
gineer with 10 yrs photographic experience for 
attractive opening in new product development. 
East coast location. Our employees know of this 
ad. Box MPTV 1944, 125 West 41 St., New 
York 36. 


Sound Technician. GS-9, $5985 per yr. Duties 
involve operation, servicing and maintenance 
of complete 16mm sound recording system, in- 
cluding making of original magnetic tape re- 
cordings, rerecordings and optical recordings. 
Interested parties should apply by sending a 
resume or standard Government application 
form (Form 57) to Industrial Relations Depart- 
ment, Pacific Missile Range, Naval Missile 
Center, P.O. Box 4, Point Mugu, Calif. 


Send Your Film 
To The Complete 


16MM Service 
Laboratory 


Unsurpassed for... 


SPEED 


QUALITY 


Personalized 


MOTION PICTURE LABORATORIES. INC. 


781 S. Main Street 


Memphis 6, Tenn. Phone WHitehal! 8-0456 


The Waster Craftsmanship Your Film Deserves 
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Gevaert serves the motion picture industry 


Whatever sensitized materials you require, Gevaert makes exactly 
the product you need. Our range of products for the professional 
motion picture industry includes black-and-white and color ma- 
terials, including negative-positive and reversal, image and sound. 


Gevaert films for all purposes 


Negative Films Duplicating Films 
Due to leadership in research and development on all new and im- 
proved techniques and applications, Gevaert films fulfill the most ex- 
acting requirements of contemporary motion picture techniques. 


Positive Films Sound Films Reversal Films 


Gevacolor Color Films 


Magnetic Films Television Films 


GEVAERT PHOTO-PRODUCTEN, N. V., MORTSEL (ANTWERP) 


In the U.S. A: The Gevaert Company of America, Inc. In Canada: Photo Importing Agencies, Ltd. 
321 West 54th Street, New York 19, N. Y. 345 Adelaide Street West, Toronto 2B, Canada 


April 1960 Journal of the SMPTE Volume 69 
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Contents — pages 272-298 


News Columns 


Space, Motion Pictures and Television (Tiros) . . 272 


Fifth International Congress on High-Speed Photog- 
raphy—Senator Warren Magnuson. . . . . 274 


Education, Industry News ..... +++ ++ 274 


BOOKS REVIEWED ..... 
Principles of Optics, by Max Born and Emil Wolf 
reviewed by Pierre Mertz; Professional Associa- 
tion in the Mass Media, UNESCO; From Tin Foil 
to Stereo, by Oliver Read and Walter L. Weich; 
Fundamentals of Photographic Theory, by T. H. 


Camerafiex Div., Federal Mfg. & Eng. Corp. . . 296 
Camera Equipment Co... . ... . 276,284 
Computer Measurements, Inc... . . 289 
Eastman Kodak Co. ...... 
Electro Powerpacs, Inc. . . » 295 
Filmline Corp... .. . 


Meeting Calendar 


American Rocket Society, May 9-12, 1960, Ambassador Hotel, Los 
Angeles. 

Society of Photographic Scientists and Engineers Annual Conference and 
Equipment Exhibit, May 9-13, 1960, Hotel Miramar, Santa Monics, 
Calif. 

Society of Military Engineers, National Convention, May 16, 17, 1960, 
Washington, D.C. 

ASME, Design Engineering Div. Conference, May 23, 1960, New York. 

Design Engineering Show, May 23-26, 1960, Coliseum, New York. 

institute of the Aeronautical Sciences, National Summer Meeting, Mid- 
June, 1960, Los Angeles. 

Acoustical Society of America, Spring Meeting, June 9-11, 1960, 
Providence, 

National Society of Professional Engineers, Annual Meeting, June 9-11, 
1960, Statler Hotel, Boston, Mass, 

International Electronic, Nudear and Cinematographic Exhibition, June 
15—July 5, 1960, Rome, italy. 

AIEE, Summer General Meeting, June 19-24, 1960, Atlantic City, NJ. 

American Society for Engineering Education, Annual Meeting, June 20- 
24, 1960, Purdue Univ., West Lafayette, ind. 


esting Materials, Annual Meeting and Appgratus 
Exhibit, June 26-July 1, 1960, Chalfonte-Hadden Holl, Atlantic 
NJ. 
1960, San Diego, Calif. 
Western Electronic Show and Convention, Aug. 23-26, Los Angeles. 
European Conference on Electron Microscopy, Aug. 29-Sept. 3, 1960, 
Delft, Netherlands. 


SMPTE Officers and Committees: The rosters of the Officers of the Society, its Sections, Subsections and Chapters, and 
of the Committee Chairmen and Members appear in Part Il of This Journal. 


James and George C. Higgins; The American 
Standard Requirements for Electrical Indicating 
Instruments: Panel, Switchboard and Portable In- 
struments, ASA; Programme Switching, Control, 
and Monitoring in Sound Broadcasting, B.B.C. 


Section Reports . 
Two New 1.9 Lenses fo mm ond Vidcon Cam 

eras, by G. H. Aklin . . ow 


Gevaert Photo-ProductenN.V. ....... 298 
Hollywood Film Co. ......+ +++ 283 
Houston Fearless Corp. . . . . ++ 285 
Ichizuka Optical Industricl Co. Ltd. . . .... 292 


Motion Picture Laboratories, inc. 
Movielab Film Laboratories, Inc. . ..... +. 277 
Peerless Film Processing Corp. . .... +... 282 
Professional Services. . 286 
$.0.S. Cinema Supply Corp... . .... 290 


Standards Engineers Society, Sept., Pittsburgh, Pa. 

liluminating Engineering Society, Notional Technical Conference, Sept. 
11-16, Penn Sheraton Hotel, Pittsburgh, Pa. 

ASCE, National Convention, Oct. 9-13, Boston, Mass. 

Electrochemical Society, Meeting, Oct. 9-13, Shamrock Hotel, Houston, 
Texas, 

AIEE Fall General Meeting, Oct. 9-14, Chicago. 

NEC National Electronics Conference, Oct. 10-12, 1960, Hotel Sher- 
man, Chicago. 

Optical Society of Americe, Annual Meeting Oct. 13-15, Somerset 
Hotel, Boston, Mass. 

Fifth International High-Speed Congress and Equipment Exhibit, 
sponsored by the SMPTE, Oct. 16-22, 1960, Sheraton-Park Hotel, 
Washington, D.C. 

Symposium on Space Navigation, Oct. 19-21, 1960, Columbus, Ohio. 

Acoustical Society of America, Fall Meeting, Oct. 20-22, San Francisco. 

AIEE, AIP, ONR, IRE, Metallurgical Society, Sixth Annual Conference on 
Magnetism and Magnetic Materials, Nov. 14-17, New Yorker Hotel, 
New York. 

ASME, Annual Meeting, Nov. 27—Dec. 2, Statler, Hilton Hotel, New York. 

89th Semiannval Convention of the SMPTE, May 7-12, 1961, King 
Edward Sheraton, Toronte. 

90th Semiannual Convention of me SMPTE, Oct. 2-6, 1961, Lake 
Placid, N.Y. 

91st Semiannual Convention of the SMPTE, Apr. 30-May 4, 1962, 
Ambassador Hotel, Los Angeles. 

92nd Semiannual Convention of the SMPTE, Oct. 22-26, 1962, 
Drake Hotel, Chicago. 


Arriflex Corp. of America . . +++ 279 
1 
First Congress International Federation of Automatic Control, June 25- Ge 
July 9, 1960, Moscow, U.S.S.R. 
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Acme Film Laboratories, Inc. 

Alexander Film Co. 

Altec Service Company 
Altec Lansing Corporation 

Ampex Professional Products Company 

Animation Equipment Corp. 

Ansco 

Arrifiex Corp. of America 

The Association of Cinema 
Laboratories, Inc. 

Association of Professional Cinema 

Equipment Dealers of New York 

Camera Equipment Company, Inc. 
The Camera Mart, Inc. 
Florman & Babb, Inc. 
National Cine Equipment, inc. 
S.0.S. Cinema Supply Corporation 

Atias Film Corporation 

Audio Productions, Inc. 

Bach Auricon, Inc. 

Bausch & Lomb Optical Co. 

Beckman & Whitley, Inc. 

Bell & Howell Company 

Byron Motion Pictures, Inc. 

S. W. Caldwell Ltd. 

The Calvin Company 

Capital Film Inc. 

Carbons, Inc. 

Oscar F. Carlson Company 

Century Lighting, Inc. 

Century Projector Corporation 

Cineffects, Inc. 

Cinesound, Ltd., Canada 

Geo. W. Colburn Laboratory, inc. 

Color Reproduction Company 

Columbia Broadcasting System, Inc. 
CBS Television Network; 
CBS Television Stations; CBS News; 
CBS Film Sales; Terrytoons 

Comprehensive Service Corporation 

Consolidated Film Industries 

Dage Television Division of Thompson 
Ramo Wooldridge Inc. 

DeFrenes Company 

DeLuxe Laboratories, Inc. 

Desilu Productions, Inc. 

Du Art Film Laboratories, Inc. 
Tri Art Color Corporation 


Dupont of Canada, Ltd. 


The objectives of the Society are: 
* Advance in the theory and practice of engineering in motion pictures, television 
and the allied arts and sciences; 
Standardization of equipment and practices employed therein; 
Maintenance of high professional standing among its members; 
Guidance of students and the attainment of high standards of education; 
Dissemination of scientific knowledge by publication, 


E. |. du Pont de Nemours & Co., Inc. 
Eastern Effects, Inc. 

Eastman Kodak Company 

Electronic Systems, Inc. 

Elgeet Optical Company, Inc. 

Max Factor & Co 

Filmline Corporation 


GPL Division of General Precision, Inc. 


General Electric Company 

General Film Laboratories Corporation 
W. J. German, Inc. 

bie Gevaert Company of America, 


ne. 
Guffanti Film Laboratories, Inc. 
Frank Herrnfeld Engineering Corp. 
Hi-Speed Equipment Incorporated 
Hollywood Film Company 
Hollywood Film Enterprises, Inc. 
Houston Fearless Company 

Philip A. Hunt Company 

Hunt's Theatres 

JM Developments, inc 

The Jam Handy Organization, Inc. 
Jamieson Film Co. 

The Kalart Company Inc. 

Victor Animatograph Corporation 
Kear & Kennedy Engineering 
Kollmorgen Optical Corporation 
Labcraft international Corporation 
Lipsner-Smith Corporation 
M.G.M. Laboratories, Inc. 

Magno Sound, Inc. 

Mecca Film Laboratories Corporation 
Minnesota Mining & Manufacturing Co. 
Mitchell Camera Corporation 
Mole-Richardson Co. 

a Picture Association of America, 


Allied Artists Pictures Corporation 

Buena Vista Film Distribution Com- 
pany, inc. 

Columbia Pictures Corporation 

Loew's Incorporated 

Twentieth Century-Fox Film Corp. 

United Artists Corporation 

Universal Pictures Company, Inc. 

Warner Bros. Pictures, inc. 


The Society invites applications for Sustaining Membership from other interested companies. 
Information may be obtained from the Chairman of the Sustaining Membership Committee, 
Byron Roudabush, c/o Byron Motion Pictures, Inc., 1226 Wisconsin Ave., N.W., Washington 7, D.C. 


of the Society 
ot Motion Picture 
and Television Engineers 


Progress toward the attainment of these objectives is greatly aided by the financial support provided 
by the member companies listed below. 


Motion Picture Enterprises, inc. 
Motion Picture Laboratories, Inc. 
Motion Picture Printing Equipment Co. 
Movielab Film Laboratories. Inc. 
Moviola Manufacturing Co. 
National Carbon Company, Division of 
Union Carbide Corporation 
National Screen Service Corporation 
National Theatre Supply Company 
Neumade Products Corporation 
Northwest Sound Service, Inc. 
Panavision Incorporated 
Pathé Laboratories, Inc. 
Pittsburgh Motion Picture Lab 
Warren Conrad Portman Company 
Precision Laboratories 
(Division of Precision Cine Equipment 
Corporation) 
Prestoseal Mfg. Corp. 
Producers Service Co. 
Radio Corporation of 
National Broadcasting Com 
Broadcast and Television 
Division. 


Rank Precision industries Ltd., G. B- 
Kalee Division 

Rapid Film Technique, Inc. 

Reid H. Ray Film Industries, inc. 

Reeves Sound Studios, Inc. 

Richardson Camera Company, Inc. 

RIVA-Munich 

Charles Ross Inc. 

L. B. Russell Chemicais, Inc. 

Ryder Sound Services, Inc. 

Scripts By Oeveste Granducci, Inc. 

Southwest Film Laboratory, Inc. 

The Strong Electric Company 

Sylvania Electric Products, inc. 

Technicolor Corporation 

TELIC, incorporated 

Titra Film Laboratories, Inc. 

Trans-Canada Films Ltd. 

Van Praag Productions 

Alexander F. Victor Enterprises, Inc. 

Westinghouse Electric Corporation 

Westrex Corporation 

Wilding Inc. 


Wollensak Optical Company 
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